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Maintaining a transportation network that will 
remain responsive to the needs of its users and that is 
capable of accomodating changes in land-use is essential 
for the welfare of the community. Designing and 
operating this network requires a reliable estimate of 
the future traffic volumes that will use the network. 
The traditional urban travel demand forecasting 
procedures have been designed to provide future traffic 
volumes which are needed for the long-range planning of 
transportation systems [161. These procedures require a two 
to three year time period, much of which is taken up by 
very costly data collection, data processing, and model 
calibrations. Quite often, these planning procedures fail 
to permit an analytical response to the various policy 
issues within the desired time and cost constraints. The 
need for methods designed to aid in making decisions and 
trade-offs on projects created a need for simplified 
methodologies that are easy to understand, relatively 
inexpensive to apply, responsive to the policy issues, and 
meet the so-called quick-response analysis time criteria. 
1 
In the summary of a workshop entitled "Quick-Response 
and Sketch-Planning", quick-response techniques were 
defined as "those techniques that support the required 
decision-making time frame within the given cost and staff 
resource constraints" [151. The quick-response techniques 
may be applied across all the various planning scales, 
i.e., regional, subarea, corridor, and project. Table 1 
provides an overview of these techniques and the 
application areas for which they are most suitable [151. 
Objective and Purpose of Research 
The objectives of this study are: 1) to provide an 
overview of the procedures documented in the NCHRP Report 
187, "Quick Resoonse Urban Travel Estimation Techniques and 
Transferable Parameters", 2) to apply the microcomputer 
programs QRS and QRS II to forecast the year 2010 traffic 
volumes which are required to update the Master Plan for 
the City of Stillwater, 3) to test tne validity of the 
default paramters embodied in the QRS and QRS II, and 4) to 
compare, in brief, QRS and QRS II. 
The results of this study can be used for prioritizing 
improvements in the street plan, as an aid in selecting 
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Overview of This Thesis 
This thesis is divided into six chapters. Chapter two 
presents an overview of the NCHRP Report 187 and the 
microcomputer programs QRS and QRS II. Chapter three 
discusses the quick response models used in the NCHRP 
Report 187, and the theory behind these models. Chapter 
four presents a case study for the City of Stillwater using 
the NCHRP Report 187 techniques. This chapter defines the 
study area, the data needed to carry out the analysis, and 
the procedures used in the study. Chapter five presents a 
summary of the results obtained by applying the NCHRP 
Report 187 techniques which are embodied in QRS and QRS II 
to the Stillwater scenario. It also presents a comparison 
of the output obtained using default parameters built in 
QRS and QRS II versus user-supplied or calculated 





Description of NCHRP Report 187 
In 1978 the Transportation Research Board published 
the NCHRP Report 187 entitled "Quick Response Urban Travel 
Estimation Techniques and Transferable Parameters". The 
procedures described in this report were designed to 
minimize data input, thus saving time and money as well as 
producing output summaries relevant to the decision makers. 
In order to minimize data input, the user must make full 
use of the transferable parameters and factors presented in 
the report. This allows the user "to carry out a 
simplified travel demand analysis without the necessity of 
reference to other sources" [191. 
In developing the NCHRP Report 187, several shortcuts 
were taken [19]. For example, networks are not coded, 
model calibrations are eliminated through use of selected 
parameters from past studies, and data input is minimized 
by using estimates from nomographs such as those shown in 
Figure 1. The Report provides step-by-step instructions 
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b. Mode Choice Nomograph 
Figure 1. Examples of Nomographs [19]. 
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The approach described in the NCHRP Report 187 
parallels the standard four-step transportation planning 
modules of trip generation, trip distribution, mode choice, 
and traffic assignment. These modules were developed in 
such a manner that each could be applied independently of 
the others, yet they can be combined to operate 
interdependently (19]. The results of one module are 
required as input to the next module. 
The data needed for each module are presented in the 
form of tables, graphs, nomographs and charts in the NCHRP 
Report 187. This data is designed to provide generally 
transferable parameters which have been consistently 
reported for four urbanized area population groups [191. 
These population groups are: 
1. 50,000 to 100,000 population 
2. 100,000 to 250,000 population 
3. 250,000 to 750,000 population 
4. 750,000 to 2,000,000 population 
The chapter on trip generation in the NCHRP Report 187 
contains tables which enable the user to make estimates of 
trip productions and trip attractions from land-use and 
socioeconomic characteristics. The trip distribution 
chapter presents charts for converting airline distance 
into travel time and for determining distribution factors 
7 
by trip purpose which are used for calculating the number 
of trips made between zones using the gravity model. The 
mode choice chapter contains nomographs for determining 
impedance values measured in equivalent minutes which are 
used for calculating market shares for transit and auto. 
The chapter on traffic assignment presents the "all-or-
nothing assignment technique" which is used to assign 
vehicle-trips to the road segments connecting all origin 
and destination zones. 
Development of QRS and QRS II 
The NCHRP Report 187 has become a popular reference 
tool in the years following its publication. Thus, some 
years later, the FHWA established funds for the creation of 
a microcomputer software that would incorporate the 
Report's quick-response techniques for travel demand 
forecasting [4]. The resulting software, called the quick-
response microcomputer software (QRS), was released into 
the public domain in February 1984 [3). 
Quick Response Microcomputer System (QRS), is a 
computer package developed by the University of California 
at San Diego, UCSD, to perform the computations described 
in the NCHRP Report 187. The program is written in UCSD 
PASCAL Version IV.O [3]. 
All the modules within QRS are menu-driven, that is, a 
list of possible responses is presented to the user on the 
screen. Application of QRS is subject to the following 
8 
limitations: 
- maximum number of zones = 50 
- maximum number of assignment links = 800 
- number of trip purposes = 3 
- number of friction factors = 40 
With the ;ntroduction of QRS, larger planning problems 
could be addressed. However, QRS becomes difficult to use 
as the size of the problem increases. A new upgraded 
version, QRS II, was introduced to the market in July of 
1987. 
Quick Response System II (QRS II), was developed by 
Alan J. Horowitz, at the Center for Urban Transportation 
Studies, University of Wisconsin in Milwaukee. It is an 
entirely new implementation of the theory and philosophy 
found in the original NCHRP·Report [6]. QRS II departs 
from the earlier version in that it requires that a network 
be drawn. The program is written to run under the MS-DOS 
operating system. 
All the data needed for QRS II are entered through the 
General Network Editor (GNE). The limitations in QRS II 
are: 
- maximum number of zones = 285 for the professional 
version, and 40 for the educational version. 
- number of trip purposes = 3 
- number of friction factors = 60 
9 
A general description of QRS and QRS II is presented in 
Appendix A. 
Applications of the NCHRP Report 187 
In April 1980, and November 1981, the Urban Planning 
and Transportation Management Division of the FHWA 
conducted a survey to determine the studies which have been 
conducted using the quick-response procedures described in 
the NCHRP Report 187. The reported applications were 
divided into four categories: long-range system analysis, 
corridor or subarea analysis, site impact analysis, and 
intersection capacity analysis. 
1. Long-range system analysis 
Long-range system planning is used to analyze trends 
and anticipate problems in the transportation network. It 
usually covers a large geographic area and is comprehensive 
in scope. The following are examples of long-range system 
planning. 
a. Santa Fe, New Mexico: To evaluate the performance 
of the highway system in a long-range planning context it 
was necessary to develop an estimate of travel patterns for 
the forecast year. This was done using the quick-response 
trip generation and distribution procedures. Conventional 
traffic assignment techniques were used to determine the 
link volumes [16]. 
b. Santa Barbara County, California: Traffic forecasts 
10 
were developed using the quick-response trip generation, 
distribution, and traffic assignment procedures to analyze 
the impact of expected urban growth on the transportation 
system, identify problems and needs, and make 
recommendations for improvements. A computerized version 
of the trip distribution procedure was used to reduce the 
time needed for computations [16]. 
2. Corridor or subarea analysis 
Corridor analysis is usually performed to evaluate 
traffic conditions along a major arterial or highway 
segment. The scope of the analysis is limited to the 
arterial or highway section and local streets within a two-
mile radius. The following examples illustrate the 
corridor analysis applications. 
a. Brockton, Massachussetts: Previous analysis of the 
exisitng traffic conditions indicated that the traffic flow 
along the east-west corridor appeared to be severely 
impeded at several locations. A further study was desired 
to determine future traffic impact at these sites and to 
evaluate the possibility of roadway modifications to 
improve the east-west traffic flow. The approach involved 
the sequential application of trip generation, trip 
distribution, modal split, and traffic assignment. This 
method produced traffic-volume estimates for a 1975 base 
year and 1995 forecast year [16]. 
b. Portland, Oregon: Quick-response techniques were 
11 
used in the preparation of a transportation corridor 
refinement study of the areawide transportation master 
plan. The refinement study investigated several 
alternative routes and their impact on adjacent land 
development. The study also evaluated the ability of 
several routes to serve projected land developments such as 
regional shopping centers and industrial sites (16]. 
3. Site impact analysis 
Site impact analysis is necessary to evaluate the 
effects of the traffic generated by a major land-use 
development on the surrounding street network. Two 
examples are cited to help illustrate this type of 
analysis. 
a. Phoenix, Arizona: A regional shopping center and 
associated commercial/residential development was proposed 
and an analysis of the resulting traffic impact in the 
vicinity of this development was requested (16]. 
b. Des Moines, Iowa: The number of trips that would 
be generated by the construction of a new office building 
was estimated. This information was needed for a city 
council meeting during which the addition of a traffic 
signal near the proposed building was to be discussed [16]. 
4. Intersection capacity analysis 
Intersection capacity analysis is performed to 
determine the level of service at an intersection. The 
12 
results of the traffic assignment obtained from QRS or QRS 
II can be used as input volumes for use in the critical 
movement technique. This type of analysis was carried out 
in Omaha, Nebraska to determine the level of service for 
several intersections within a major travel corridor, and 
in Tacoma, Washington to evaluate the capacity of an 
intersection influenced by a major new development [16]. 
The survey results indicated that quick-response 
procedures were most often used for evaluating the traffic 
impact of proposed land-use changes, that is site impact. 
Corridor and subarea analyses were the second most 
prominent uses, followed by intersection capacity analysis 
and long-range system planning £16]. 
Applications of QRS and QRS II 
In the City of Spokane, Washington, QRS was used to 
forecast the demand for light rail transit (15]. The task 
involved determination of trip generation estimates, trip 
distribution and mode choice for the base year 1980. 
Forecasted transit use for the target year 2000 was then 
determined. 
A second application was reported in Berkeley, 
California £71. QRS was used in a class project to 
estimate and assess the localized highway and transit 
travel impacts of a large increase in commercial floorspace 
anticipated over the next few years in downtown Berkeley. 
13 
In Wausau, Wisconsin QRS II was selected to assess the 
effects of new urban development north of Wausau's central 
business district [6]. It appeared that this development 
could greatly strain the capacity of a two-lane bridge just 
north of the CBD. Demographic data taken from land-use 
forecasts were used to generate trips. The trip 




QUICK RESPONSE METHODOLOGY 
Introduction 
In 1978 a two-phase research effort sponsored by the 
NCHRP resulted in the publication of two volumes in the 
NCHRP series. Phase I identified travel-related urban 
policy issues and assessed the existing methods and 
procedures. The findings are presented in NCHRP Report 186 
[18]. Phase II developed a user's guide which describes 
transferable parameters and factors for quick-respose 
planning. The later findings are presented in the NCHRP 
Report 187 [19]. 
The quick response technique described in the NCHRP 
Report 187 involves the same elements as the sequential 
travel demand forecasting technique, namely, trip 
generation, trip distribution, mode choice, and traffic 
assignment. 
Trip Generation 
The purpose of trip generation is to estimate the 
number of trips produced by and attracted to a parcel of 
land, called a zone. The trip generation module is the 
15 
most critical phase because it sets the scope of the entire 
planning process. Subsequent modules are affected by the 
accuracy of the production and attraction estimates which 
in turn are influenced by the variables used in the trip 
generation module. 
Trips are stratified by purpose since the travel 
making behavior of individuals differs for different trip 
purposes [22]. The three trip purposes used in the NCHRP 
Report 187 are: 
1. Home based work (HBW), 
2. Home based non-work (HBNW), 
3. Non-home based (NHB). 
The trip generation process involoves estimating trip 
productions, and trip attractions. 
Trip productions are usually estimated based upon the 
number of households in a zone. The technique used is the 
cross-classification method which categorizes household 
trip making rates according to such household attributes as 
automobile ownership and income [4]. However, the use of 
auto ownership as a criterion has been highly questioned 
[8]. The results of a recent study indicated that auto 
ownership is not as effective an indicator of household 
travel demand as was generally believed [8]. 
The steps involved in determining trip productions 
are: 
1. Setting up income or auto ownership ranges. 
2. Classifying zones by income or auto ownership. 
3. Multiplying the number of households by the 
production rates for the appropriate income or auto 
ownership range. 
4. Dividing the total trips into HBW, HBNW, and NHB 
trip purposes. 
Chapter Two of the NCHRP Report 187 provides 
production rates based on household income and auto 
ownership. The production rates were established for the 
four area population groups discussed earlier. An example 
of the trip production rates is presented in Table 2. 
Trip attractions are determined using an aggregate 
trip analysis approach [13]. Equations with appropriate 
independent variables are developed, usually using multiple 
regression analysis. The equations used in the NCHRP 
Report 187 are of the form: 
where 
HBW attractions = a ( X + Y) 
HBNW attractions = b1 (X) + b~ (Y) + b3 (Z) 
NHB attractions = C1 (X) + C2 (Y) + C3 (Z) 
X = number of retail employees. 
Y = number of non-retail employees. 
Z = number of dwelling units. 
a, b's, c's = regression coefficients. 
( 1 ) 
( 2 ) 
( 3 ) 
Part C of Table 3 in Chapter Two of the NCHRP Report 
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TABLE 2 
DEFAULT PRODUCTION RATES BY POPULATION GROUP 
lncoJDe Range · Average % RJI by Autos Ovnedll ~vc~n6e .Dolly Fcr~on TTJp~ ~ Avect..ge VuLlY l'cn:on 1970 $ Avg Autos Do.ily Person Per Jill ~lo.or /mtQ.S..ilUL.:. Jrill!L.l• _J:uJ:Do·c.!. __ , (OOO's) Per mt<l. Trl ps Per Jllle 0 1 2 3+ 0 1 2 3• 111111 llllllll 111111 
0-3 0.56 1!.5 53 39 1 1 2,0 6.!) 11.5 12.5 21 51 2?. 
3-il 0.81 6.8 32 58 10 1 2.2 6.0 13.0 15.0 21 51 22 
il-5 0.66 8 ... 26 61 12 1 2.6 9.5 1 ... 5 16.5 21 51 22 I 
5-6. 0.99 10.2 20 62 lT 1 3.0 11.0 15.5 16.0 16 59 2J 
6-; LOT 11.9 15 61. 20 1 3.0 12.5 16.5 19.5 18 59 2] 
1-8 1.11 13.2 11 61. 23 2 3.5 13.3 11.o 21.5 16 61 2] 
6-9 1.25 11! ... 6 62 28 2 ... 6 11..o 17.5 22.5 16 61 2] 
9-10 1.31 15.1 6 60 32 2 5.5 11..3 11.5 2 ... 0 16 61 2] 
10-12.5 1 ... 7 16 ... 3 .. 9 .... ·3 6.2 15.0 18.5 25.5 15 62 2] 
12.5-15 1.69 11-1 2 38 52 6 6.1 15.0 19.0 25.5 11. 62 2 .. 
15-20 1.85 18.0 2 26 51 13 6.0 13.5 19.5 23.0 13 62 25 
20-25 2.03 19.0 1 21 56 20 6.0 1].0 20.0 2].0 13 62 25 
25+ 2.01 1!}.2 1 19 59 21 6.0 12.5 20.0 2].0 13 62 25 
llelghted 
Avera&e 1.55 1 ... 1 12 1.7 15 6 1!.6 12.6 11.2 21. .. 16 61 2] 
Source: Reference fl9] 
03 
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187 gives suggested values for the regression coefficients. 
These coefficients were obtained from the Office of 
Planning Methodology and Technical Support at the Urban 
Mass Transportation Administration (UMTA). 
Comparison of the trip generation data from various 
sources indicates that similar land-use activities in the 
United States and Canada have similar trip generation 
characteristics [7]. Thus, for small urban areas where 
data collection is infeasible due to lack of funds and/or 
time, the default generation rates presented in the NCHRP 
Report can be used. Another source of trip generation 
rates is the ITE Trip Generation Report [1]. 
In general, total trip productions will not equal 
total attractions. However, the gravity model used in trip 
distribution requires that the total productions and total 
attractions be equal. This is accomplished using the 
areawide control factors which are calculated for each trip 
purpose as follows: 
HBW total P's - S.G. P's - E.S. P's 
F~ = ----------------------------------- ( 4 ) 
HBW total A's - S.G. A's - E.S. A's 
HBNW total P's - S.G. P's - E.S. P's 
F2 = ------------------------------------ ( 5 ) 
HBNW total A's - S.G. A's - E.S. A's 
NHB total P's - S.G. P's - E.S. P's 
F3 = ----------------------------------- ( 6 ) 
NHB total A's - S.G. A's - E.S. A's 
where 
S.G. = special generator such as an airport, university, 
large shopping center, etc. 
E.S. = external stations. These are zones that are 
outside the boundary of the analysis area. They 
should be included if their productions and 
attractions are large. 
Multiplying the F's by the individual zone attractions 
results in balanced production and attraction totals. It 
should be noted that special generators, and external 
stations do not enter the balancing process. In cases 
where special generators and external stations are not 
included in the study area, then the second and third terms 
of Equations 4 through 6 are eliminated and the equations 
reduce to the first part. 
Trip Distribution 
Trip distribution is the process of estimating how 
person-trips from one zone are distributed among available 
destination zones, i.e., how individuals choose their 
destinations. 
Many mathematical models have been developed to 
explain and predict the distribution of traffic among zones 
[11]. However, the majority of urban transport studies 
have used the gravity model since it is the easiest to 
understand [10]. 
The gravity model assumes that the number of trips 
produced in a zone and attracted to other zone is directly 
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proportional to the size of the attractor and inversely 
proportional to the spatial seperation (usually measured in 
zone-to-zone travel time) between the two zones (191. The 
model can be expressed mathematically as: 
where 
A~ * FL~ 
T~~ = p~ * -----------
T~~ = trips produced in analysis area i and 
attracted to analysis area j; 
P~ = total trip productions at i; 
A~ = total trip attractions at j; 
F~~ = travel time factor for trips between zones 
( 7 ) 
i and j, which is a function of travel time 
(t~~) between the zone centroids; 
i =origin zone number i = 1,2, •.. ,n; 
j =destination zone number j = 1,2, ..• ,n; 
n = number of zones under study. 
The travel time factors, F~~'s, commonly referred to 
as friction factors, may be regarded as a measure of the 
deterrence that travel time has on tripmaking patterns 
[10]. Friction factors have usually been determined using 
either the "power" form, or the "exponential" form. The 
"power" friction factors are calculated as: 
21 
( 8) 
The "exponential" friction factors are expressed as: 
( 9 ) 
where 
tj,, =travel time between zones i and j. 
ak = trip distribution parameter for trip purpose k. 
Table 8 in the NCHRP Report 187 gives recommended 
values using the "power" function for the four population 
groups. These values have been obtained through 
calibration of the gravity model (191. 
Figures 7 through 30 in Chapter three of the NCHRP 
Report 187 provide graphs for determining the appropriate 
friction factors. These graphs can be divided into two 
sets. The first set was developed for trip interchanges 
within a subregion, that is, within the central business 
district (CBD), central city (CC), and suburbs (S). The 
second set of graphs is used when trip interchanges occur 
across subregions, i.e., CBD to CC, CC to s, S to CBD, and 
the like. To use these graphs, the airline distance 
between the centroids of the zones, and the percent of 
over-the-road distance traveled on arterial routes must be 
known for every trip interchange. 
Application of the gravity model results in the number 
of trips produced in zone i and attracted to zone j, TL~, 
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From the trip matrix, two requirements immediately 
become apparent: 
n 
E Ts.:J = Ps. (10) j:1 
n 
.E Ts. =' = A=' (11) 1z1 
The gravity model is formulated so that the production 
constraint given by Equation 10 is satisfied. However, the 
attraction constraint given by Equation 11 is not usually 
satisfied. Two reasons may be cited for this discrepency 
[31: 1) the A=''s are not absolute measures of the 
attraction of trips to a zone but are relative measures 
which could have different absolute magnitudes, and 2) 
travel time alone is not sufficient to give an indication 
of the "friction" on travel caused by distance, so the 
Fs.=''s are only approximated in the relationships presented 
earlier. 
Given the reasons stated above, it is clear that an 
iterative process must be employed to attain an acceptable 
attraction balance. The necessary equation is discussed in 
most standard textbooks and can be expressed as: 
A=' * A='k-1 
A='k = ------------ (12) 
where 
A~ = total number of trips attracted to zone j, 
obtained from the trip generation module 
A~k-~ = attraction total at iteration k-1. 
A~k = adjusted attractions for zone j at iteration 
k; note that A~~ = A~ 
T~~k-~ = attraction total for zone j obtained by 
applying the gravity model at iteration k-1. 
k = number of iterations 
To help illustrate the process, consider column 1 in 
Figure 2. Applying the gravity model formulation once 
results in the number of trips between zones. Thus, the 
trips from all zones ito zone 1 are T~1, T2~, ..• , Tn~· 
When the attraction constraint given by Equation 11 is not 
satisfied that is, T~1 + T21 + ••• + Tn1 does not equal A1, 
the iterative equation must be used. It can be expressed 
as: 
A1 * A11 
A1 2 = ---------------------- (13) 
T~~ + T2~ + . . . + Tn~ 
It is easily seen that when k = 2, A1k-1 = A1. 
The adjusted attraction (A~2) is then used in the 
gravity model resulting in a new set of T~1. If their sum 
does not match the original attractions obtained from the 
trip generation module the iterative process should be 
used again. The equation becomes: 
25 
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A~ * A~ 2 
A1 3 = ---------------------- (14) 
T~~ + T2~ + ••• + Tn~ 
Two iterations are generally considered satisfactory to 
meet the attraction constraint. 
Mode Choice 
Mode choice is the process of estimating the 
percentage of person-trips made by the mass transit and 
auto modes. The mode choice models are based on consumer 
behavior theory and are generally disaggregate in nature. 
They employ probabilistic interpretation of the individual 
travel decisions [221. The theory of disaggregate models 
is based upon the utility function which is a function of 
the attributes and characteristics of the trip maker and 
the mode under consideration. 
The utility of mode m, referred to as impedance in the 
NCHRP Report 187, is measured in equivalent minutes and is 
expressed as follows: 
(15) 
where 
r~~m = impedance from origin zone i to destination zone 
j by mode m in equivalent minutes. 
w1 = weight for in-vehicle travel time. 
W2 = weight for out-of-vehicle travel time. The 
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traveling individual perceives a walking or 
waiting minute as W2 * (traveling minute). A 
value of 2.5 was suggested by UMTA and has been 
used in the NCHRP Report 187 to convert out-of-
vehicle time into equivalent minutes of 
impedance. 
W3 = weight which an individual associates with his 
"nonworking" time. The UMTA describes default 
valu~ of an individual's own time equal to 6ne-
third of the value associated with an equivalent 
amount of working time. 
IVTT = in-vehicle travel time in minutes. 
OVTT = out-of-vehicle travel time in minutes. 
OPTC = out-of-pocket trip cost in dollars. 
The general equation used in the mode choice module 
can be wri~ten as [191: 
e-ZL~m 
TL~m = ----------- (16) 
where 
TL~m = Percent of trips made f~om origin zone i to 
destination zone j by mode m. 
k = number of available modes. 
Further research by UMTA has shown that it is possible 
28 
to replace e-~ by r-b, where I is a measure of the trip 
impedance dependent on the trip purpose. It was believed 
that the exponent b would behave in a manner similar to the 
gravity model, and this assumption was fortified by UMTA 
(19]. This allows for the transformation of the logit 
equation into a very simplified modal formula given by (191: 
MSt = ---------------- * 100 (17) 
where 
MSt = transit market shares expressed in percentage. 
I.s.::ta = auto impedance for 0-D movement i-j, 
I.s.::tt = transit impedance for 0-D movement i-j, 
b = model exponent of the trip time, dependent on 
trip purpose. The NCHRP Report 187 recommends 
values of 2.0 for HBW, 3.0 for HBNW, and 2.7 
for NHB trip purposes. 
The procedures of the mode choice analysis can be 
summarized in three general steps: 
1. Determine transit and auto impedances using the 
nomographs presented in the NCHRP Report 187 (Figures 60 
and 61 for transit, and Figures 62 to 73 for auto). An 
example of the transit impedance nomographs is presented in 
Figure 3. The user must know the airline distance and 
transit fare. Then, with the airline distance on hand, the 
user can draw a vertical line to the appropriate transit 
::1 
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fare. A horizontal line is then drawn to determine the 
total transit impedance. 
Similarly, Figure 4 provides an example of the auto 
impedance nomographs. To use the nomographs the user 
should know the airline distance, parking cost at 
destination, operating cost, and average operating speed. 
Impedance is determined by drawing a vertical line from the 
airline distance to the appropriate average operating speed 
and then drawing a horizontal line to obtain the auto 
impedance in minutes. 
2. Determine the transit and auto market shares, using 
either the charts in Figures 74 thrbugh 76 of the NCHRP 
Report 187 which are based upon trip purpose, or Equation 
16. Figure 5 presents the chart for HBW trip purpose to 
illustrate its use. The user must have performed the first 
step, that is, the determination of auto and transit 
impedance. The transit market share is determined by 
drawing a vertical line from the transit impedance axis to 
intersect the vertical line drawn from the auto impedance 
axis. 
3. Determine transit and auto trips using the 
following equations: 
and 












































Pi>Rl:Ji~G COS'l' ~ LESS TJIA:I 75¢ ~· ::1 \'Cfl the ccl!troid-t.o-ccnuoi<l 
OPt:RATloiG COST • 5¢/HILE t--·- .sirlu1e dtsr.ance bc~n two analy-
s1s are<>s ; 11 rules <>nd the oor-
I ! I responding average auLD operating ! speed = 10 r.pn, then UlC Latal 
! I I J..r.pOianoe = 110 cqui valent minutes. 
I I I 
I I . 
i I I i 
I I 
I I I t ,.....--" ·~ 
I I I l ! .y\\ I ,..,,. I 
I I 1 ! \()~;... .... , I 
I - , . 
I I I "'~~,.~;:. ... 1 I ' 
I ~(, .. • .; -
----- -- ----~------ --------•----ol'f.\1-r'!] ...... - J - ··•\\ I -----
G~ ,.. I I_ l'-' ;.::... I -~--~y..f\ .... I I --- -· _ .... --
,... ,..,. --- :i' "\~ ~·:-.!!_.....-:-- . .... .... ~ 
.,..,.,.,. 1 ~- ..... +......... ----;-..;.r~~~..:..----7 
L...,..,..,.,. ..,._.. .... -- ----:.t:-- ----, I I I 
-- -~- ! I ...... _ .... --- ----- I I I I 
-- -- --' ____ .... -:_.,:;; ----~- I : ! I --::*~-;i\i.~::-~ ~ 4 2 ' ~,.c:; ... I 
! I I I . I I I 
' .... 























TttiP PURPOSJ: • !IBN ( I!!P:CDA4'1C:: =:tPO::t:NT !:l • 2. 0) 
~: 
Q.wn: 
Transit im;lel:lan:e • 48 equivalent minut=s 
Autc ~oe • 35 equiValent nunut=s 
'!hen. !!1St • \ marlcet Slla%!! tr.lnS1t • 1---.,~--+----...'--f 
35\ (fer !91 persat t:n"31. 
o 10 20 Jo , 1' .;o so 60 
;ut"O-HIC3DIIY ::~a: (DI.SU""I':L""'l"' ~ · ~:r ::r::..T.:Sl 
Figure s. Transit Market Share (19] 
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T~~e = number of transit person-trips, 
T~~- = number of auto person-trips, 
T~~ = total number of trip interchanges between zones 
i and j, obtained from the trip distribution. 
Traffic Assignment 
The purpose of traffic assignment is to allocate the 
zone to zone vehicle trips between each origin and 
destination pair to the system of streets within the 
analysis area [191. 
Assigning traffic requires a map showing the 
functional classification of the streets. The street 
network is represented in terms of links and nodes. Links 
are roadway sections, defined by the nodes at their ends. 
Nodes are numbered points representing zonal centroids or 
intersections of links. 
The assignment technique used in the NCHRP Report 187 
is the "all-or-nothing" technique. This technique requires 
the determination of a minimum travel time path for every 
trip interchange, and then, accumulates the number of trips 
on each street segment along the shortest path [19]. As 
the name indicates, the all-or-nothing technique assigns 
all trips to the shortest path and none to alternative 
routes. 
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Several assumptions are embodied in the all-or-nothing 
technique: 1) travel time over the path used is less 
than or equal to the travel times over all paths not used, 
2) each driver is fully aware of all alternative routes by 
which he can travel, and 3) travel time is insensitive to 
traffic volumes [19,21]. 
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CHAPTER IV 
SCENARIO FOR LONG RANGE TRANSPORTATION 
PLANNING FOR THE CITY OF STILLWATER 
Background 
In 1968 the Stillwater Planning Commission, entered 
into an agreement with state and federal agencies to 
conduct a comprehensive transportation study for the City 
of Stillwater. The findings of this study are reported in 
the 1968-1990 technical Report £121. In 1975, a continuing 
phase study was conducted to update the transportation 
system. The results are summarized in a report entitled 
"Stillwater Metropolitan Area Transportation Study, 1975-
2000", hereafter referred to as the 1975-2000 technical 
report [13]. 
Short-range and long-range programs for street and 
highway improvements were suggested and are presented in 
the 1975-2000 technical and comprehensive transportation 
plan report [13]. These programs are based on projected 
socio-economic, land-use, and travel patterns. 
35 
Study Area and Traffic Zones 
The 1975-2000 technical report designated an area of 
95 square miles as the study area and this area is used 
throughout this thesis. The area selected is large enough 
to accomodate future growth in the City of Stillwater. 
To facilitate the compilation, analysis, and 
projection of the socio-economic data and traffic volumes, 
the study area was divided into smaller areas known as 
internal traffic zones. In addition to the internal 
traffic zones, external stations were used to measure the 
vehicular movement between the study area and outlying 
areas. 
The 1975-2000 technical report consisted of 106 
internal traffic zones and 6 external stations as shown in 
Figure 6. However, QRS can handle a maximum of only 50 
zones and, the educational version of QRS II can handle up 
to 40 zones. Thus, the number of zones had to be reduced 
to the maximum allowable of QRS II, that is, 40 zones. In 
doing so, internal traffic zones were aggregated based upon 
similarities in socio-economic and land-use 
characteristics. Table 3 lists the internal-traffic zones 
used in this thesis and shows the corresponding zones used 
in the 1975-2000 technical report which have been combined 
to meet the QRS II criterion. The internal traffic zones 
as well as the external stations are presented graphically 
36 
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in Figure 7. Zone 1 through zone 34 are internal traffic 
zones. Zone 21 which represents Oklahoma state University 
is treated as a special generator. Zones 35 through 40 are 
external stations. 
Study Time Period 
Since this thesis relies on the 1975-2000 technical 
report land-use data and productions and attractions, it is 
necessary to use the year 1975 as the base year. 
Discussion with the Planning Commission for the City of 
Stillwater revealed that land-use and the total 
productions and attractions forecasts made for the year 
2000 in the 1975-2000 technical report are considered high. 
Thus, it was agreed that these forecasts can be used for 
the year 2010. In doing so, the target year has been 
designated as the year 2010. 
Data Needed 
The data needed for trip generation, trip 
distribution, and traffic assignment is summarized in Table 
4. Data needed for the mode choice analysis is not 
presented because it was no part of this transportation 
planning process. This is due to the lack of transit mode 
of travel in the City of Stillwater. 
The data available in the 1975-2000 technical report 
is used in this study. This data includes: 
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Figure 7. Traffic Zones Used In QRS and QRS II 
TABLE 4 
DATA NEEDED FOR EACH MODULE 
=========================================================== 
TRIP GENERATION 
1. Production rates and the percent of trips made for 
each trip purpose. 
2. Coefficients of attraction equations by trip purpose 
3. Land use and socio-economic data for every zone. 
This consists of income, retail employment, non-
retail employment, and dwelling units. 
4. List of special generators as in the case of large 
shopping centers, univeristies, and so on. 
TRIP DISTRIBUTION 
1. Productions and attractions by trip purpose for 
every zone in the study area. This is usually 
obtained from the trip generation module. 
2. Travel time matrix, i.e. interzonal and intrazonal 
travel time. 
3. Friction factors by trip purpose. 
TRAFFIC ASSIGNMENT 
1. Vehicle-trip matrix for each trip purpose. 
2. Functional classification street map. 
3. Speed or travel time for every link. 
=========================================================== 
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zones. This map has been presented earlier in Figure 6 of 
this chapter. 
2. Land-use data for 1975 and 2010. These data 
consist of retail employment, non-retail employment, and 
dwelling units for every zone. Tables 5 and 6 present the 
base year 1975 land-use data and the target year 2010 
forecasted data. The forecasted land-use data reported in 
the 1975-2000 technical report are for the year 2000. 
However, it is assumed that these forecasts can be used as 
the year 2010 land-use data. 
3. Productions and attractions by trip purpose for 
the internal traffic zones and external stations as shown 
in Table 7. 
4. Friction factors by trip purpose for use in the 
gravity model. These factors are presented in Table 8. 
It should be noted that since the internal traffic 
zones were combined in this thesis to meet the QRS II 
criterion, the data presented in this chapter are extracted 
from the 1975-2000 technical report. As the results of 
this thesis rely heavily upon the input data, it is assumed 
that the data available in the 1975-2000 technical report 
is adequate. 
In addition to the data obtained from the 1975-2000 
technical report, the following data is needed. 
1. Street map for the City of Stillwater as shown in 
Figure 8. This is obtained from the Planning Office for 




LAND-USE DATA AND EMPLOYMENT FOR 
THE YEAR 1975 
------------------------------------------------
Zone Retail Non-Retail Dwelling 
Number Employment Employment Units 
------------------------------------------------
1 7 4 47 
2 2 12 104 
3 11 355 187 
4 8 335 354 
5 3 3 486 
6 0 20 3 
7 0 0 74 
8 0 0 8 
9 31 4 23 
10 20 110 483 
11 21 608 426 
12 148 1509 491 
13 47 379 756 
14 0 0 62 
15 0 45 71 
16 51 41 235 
17 137 560 673 
18 191 246 451 
19 672 264 1363 
20 0 1466 380 
21 98 4755 3641 
22 37 97 513 
23 197 584 1381 
24 4 2117 135 
25 108 885 1301 
26 379 1817 441 
27 460 266 228 
28 54 105 342 
29 0 10 59 
30 46 108 364 
31 0 23 46 
32 0 0 141 
33 0 4 236 
34 0 0 33 
------------------------------------------------
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TRIP PRODUCTIONS AND ATTRACTIONS 
FOR THE YEAR 1975 
-----------------------------------------------------------
ZONE HBWP HBWA HBNWP HBNWA NHBP NHBA 
-----------------------------------------------------------
1 43 11 258 148 390 390 
2 107 14 741 195 690 690 
3 173 359 1244 422 2140 2140 
4 327 337 2352 674 2540 2540 
5 455 6 3234 847 1276 1276 
6 3 20 21 5 140 140 
7 69 0 495 125 351 351 
8 8 0 54 14 66 66 
9 22 34 154 343 646 646 
10 447 128 2385 1009 1748 1748 
11 39 4 617 2834 1328 1493 1493 
12 454 1636 3271 3303 3390 3390 
13 701 418 5036 1733 2626 2626 
14 59 0 412 104 278 278 
15 66 44 475 119 472 472 
16 217 90 1565 896 1422 1422 
17 623 684 4479 2804 3652 3652 
18 418 429 3001 2632 4652 4652 
19 1263 918 9740 8885 12491 12491 
20 352 1438 2531 640 6734 6734 
21 1680 1369 7335 13875 15114 15114 
22 475 131 1707 1226 1684 1684 
23 1279 766 9195 4648 5862 5862 
24 124 2081 899 1615 974 974 
25 1205 974 8662 3249 7869 7869 
26 408 1783 2939 5228 9166 9166 
27 211 712 1519 4895 7608 7608 
28 316 156 2277 1105 2252 2252 
29 55 10 379 99 310 310 
30 338 151 2427 1064 2106 2106 
31 43 22 308 77 294 294 
32 131 0 937 237 498 498 
33 219 4 1569 397 810 810 
34 31 0 216 56 178 178 
-----------------------------------------------------------
Source: Reference [ 13] • 
TABLE 8 
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Figure a. Street Map For The City Of Stillwater 
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2. Median income per zone for the year 1980 presented 
in Table 9. These values were obatined from the United 
States Bureau of Census. 
3. Percent change in annual income for the State of 
Oklahoma as presented in Table 10. This data was obtained 
from the Economics Department at Oklahoma State University. 
4. The Consumer Price Index (CPI) shown in Table 11. 
Procedures Used 
The planning process involves applying the trip 
generation, trip distribution, traffic assignment, and 
capacity analysis modules. The procedures for each module 
will be presented seperately. 
Trip Generation 
Before applying the trip generation technique some 
preliminary tasks had to be performed. Land-use data such 
as retail employment, non-retail employment, and dwelling 
units obtained from the 1975-2000 technical report was 
organized by zone and are presented in Tables 5 and 6. 
The year 1980 median income for every zone was 
abstracted from the United States Bureau of Census Data. 
These income values were then projected for the year 2010 
using the forecasted percent change in annual income 
obtained for the State of Oklahoma. These percent changes 
in annual income were obtained from the Economics 
Department at Oklahoma State University. It is assumed 
48 
TABLE 9 
MEDIAN INCOME PER ZONE 
FOR THE YEAR 1980 






































































Source: U.S. Bureau of Census 
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TABLE 10 
PERCENT CHANGE IN ANNUAL INCOME FOR 




























































































































































that the percent change in annual income for the City of 
Stillwater is the same as that of the state. Table 12 
presents the forecasted income for every zone expressed in 
the year 2010 dollar value. 
Trip productions and attractions were determined based 
upon user-supplied rates for the year 1975 to test if they 
match the productions and attractions reported in the 1975-
2000 technical report. Next, trip productions and 
attractions were determined for the target year 2010 based 
on user-supplied rates, and the default rates presented in 
the NCHRP Report 187 which are built in QRS and QRS II. 
Trip productions. Trip productions can be determined using 
default rates or user-supplied rates. To determine trip 
productions based on the default rates presented in the 
NCHRP Report 187, the year 2010 income for every zone was 
converted to the 1970 and 1980 dollar bases using the 
Consumer Price Index (CPI). The default production rates 
used in QRS and QRS II are based on 1970 and 1980 dollar 
values, respectively. Table 13 presents the forecasted 
income for the year 2010 indexed back to 1980 and 1970. 
User-supplied production rates were developed based on 
the 1975-2000 technical report trip productions. The steps 
necessary to develop production rates are as follows: 
1. Set up income ranges using the year 1975 dollar 
value. A maximum of 13 income ranges is permitted by QRS 
52 
TABLE 12 
FORECASTED INCOME PER ZONE 











































































THE YEAR 2010 MEDIAN INCOME EXPRESSED 
IN 1970 AND 1980 DOLLARS 
---------------------------------------------
Zone Forecasted 1970 1980 
Number Income Income Income 
( $) Using CPI Using CPI 
---------------------------------------------
1 39212 4976 10559 
2 71780 9108 19329 
3 119085 15111 32067 
4 90118 11436 24268 
5 119085 15111 32067 
6 119085 15111 32067 
7 75784 9616 20407 
8 72121 9152 19421 
9 120684 15315 32499 
10 57460 7291 15472 
11 57711 7823 15541 
12 74180 9413 19975 
13 82059 10413 22097 
14 82059 10413 22097 
15 59311 7526 15972 
16 62955 7989 16953 
17 75358 9562 20292 
18 45289 5747 12196 
19 35228 4470 9486 
20 44399 5634 11956 
21 44408 5635 11959 
22 44408 5635 11959 
23 65780 8347 17712 
24 115280 14628 31043 
25 87733 11133 23625 
26 49893 6332 13436 
27 44370 5630 11948 
28 57469 7293 15476 
29 51304 6510 13816 
30 93630 11881 25213 
31 53939 6845 14525 
32 90895 11546 24501 
33 117722 14939 31701 
34 37887 4808 10203 
---------------------------------------------
55 
and QRS II. 
2. Stratify zones based on income ranges, that is, 
determine which zones fall within an income range. 
3. Add the number of trips produced by all zones 
within a given income range and divide that total by the 
corresponding total number of dwelling units for the same 
zones. This results in the average number of trips 
produced per household, that is, production rates. 
4. Calculate the percentage of average daily trips 
produced for every trip purpose using the following 
equations: 
HBW trips 
% HBW trips = ------------------------ ( 20) 
(HBW + HBNW + NHB) trips 
HBNW trips 
% HBNW trips = ------------------------ ( 21) 
(HBW + HBNW + NHB) trips 
NHB trips 
% NHB trips = ------------------------ ( 22) (HBW + HBNW + NHB) trips 
Since the production rates were determined using the year 
1975 productions, the income for that year was needed. 
But, no income data was available for the year 1975, 
therefore, the zonal income for the year 1980 obtained from 
the Census Data had to be converted to 1975 dollar value 
using the CPI. It is assumed that the real income in the 
year 1975 and the year 1980 remained constant. In other 
words, the annual increase in income was offset by 
inflation, thus, making the percent annual increase in 
income equivalent to the CPI. Table 14 presents the 1980 
income for every zone, and the corresponding value in terms 
of the year 1975 dollar. Applying the above listed steps 
resulted in the user-supplied production rates shown in 
Table 15. 
With the trip production rates table on hand, the next 
step is to determine the trip productions for the target 
year 2010. This requires that the year 2010 income be 
converted to the year 1975 dollar base since the production 
rates are based on the year 1975 dollar value. Table 16 
presents the zonal income for the year 2010, and its 1975 
equivalent values as determined using the CPI. 
Trip Attractions. Trip attractions are estimated based on 
retail employment, non-retail employment, and dwelling 
units in a zone. The attraction equations for each trip 
purpose are presented in Chapter III. 
Attractions can be determined using either the default 
coefficients, or user-supplied coefficients. Table 17 
presents the default coefficients which are reproduced from 
Table 3, Part C, of Chapter Two of the NCHRP Report 187. 
User-supplied coefficients were determined using 
linear regression analysis. These coefficients are based 
56 
TABLE 14 
THE YEAR 1980 MEDIAN INCOME EXPRESSED 


















































































































USER SUPPLIED TRIP PRODUCTION RATES 
DEVELODED FOR THE YEAR 1975 
Zones Average Daily Percent Trips by Purpose 
Within Vehicle-Trips 
------------------------
a Range per Household HBW HBNW NHB 
----------------------------------------------------------
0-5 19 17.2 5.4 41.5 53.1 
5-6 1, 34 13.9 6.6 42.5 50.9 
6-7 18, 20, 22 21.6 4.3 26.9 68.8 
26, 27 
7-8 10, 11, 28 11.5 8.1 52.7 39.2 
29, 31 
8-9 15, 16 13.8 6.7 48.4 44.9 
9-10 2, 8, 23 12.1 7.7 55.5 36.8 
10-11 7, 12, 17 13.6 6.8 49.1 44.1 
11-12 13, 14 11.1 8.3 59.8 31.9 
12-13 4, 25, 30, 13.6 6.8 48.9 44.3 
32 
13-16 24 14.8 6.2 45.0 48.8 





THE YEAR 2010 MEDIAN INCOME EXPRESSED 
IN 1975 DOLLARS 













































































































OEFAIILT COEFFICIENTS FOR ATTRACTION EQUATIOt-:S 
I!DH Trip Attractions 
I!CNW Trip Attractions 
[ 1.7(Total Emoloyment)] 
[ lO.O(Retail Employment) + O.S(Non-Retail Employment) 
+ 1.0(Dwelling Units)] 
NHB Trip Attractions ~ ( 2.0(Retail Employment) + 2.5(Non-Retail Employment) 
+ O.S(Dwelling Units)] 
------------------------------------------------------------------------------Source: Reference fl9] 
0'1 
0 
on the year 1975 trip attractions and land-use data 
available in the 1975-2000 technical report and are 
presented in Table 18. The results of the regression 
analysis are shown in Table 19. 
Trip productions and attractions for OSU. The 1975-2000 
technical report indicated that different travel 
characteristics exist for Oklahoma State University and the 
remainder of the study area. In the NCHRP Report 187 
terminology, OSU is regarded as a special generator. As a 
result, the trip productions and attractions for Oklahoma 
State University, zone 21, were determined seperately. 
Productions and attractions for OSU were estimated 
based on OSU Police Department parking records. It is 
assumed that each parking permit results in a trip 
production and attraction to OSU. Over a period of six 
years from 1980 to 1986 the average number of parking 
permits issued to the school employees and off-campus 
students is 3750 and 5200 permits, respectively. 
Home based work trips were determined based on the 
number of parking permits given to school employees. Home 
based non-work trips were estimated using the number of 
parking permits issued to off-campus students. Non-home 
based trips are determined based on the percentage 
allocated for the NHB trip purpose in the 1975-2000 
technical report. This percentage is obtained by dividing 




DATA NEEDED FOR REGRESSION ANALYSIS 
------------------------------------------------------------------------·-Zone Retail Non-Retail Dwelling No. of Tri~ Attraction5 
Number Em~loyment Employment Units 
-----------------------HEW HSN'ii' NHS 
-------------------------------------------------------------------------
1 7 4 47 11 146 390 
2 2 12 104 14 195 690 
3 11 355 167 359 422 2140 
4 a 335 354 337 674 2540 
5 3 3 486 6 847 1276 
6 0 20 3 20 5 140 
7 0 0 74 0 125 351 
a 0 0 a 0 14 66 
9 31 4 23 34 343 646 
10 20 110 483 126 1009 1748 
11 21 606 426 617 1328 1493 
12 146 1509 491 1636 3303 3390 
13 47 379 756 418 1733 26 26 
14 0 0 62 0 104 278 
15 0 45 71 44 119 472 
16 51 41 235 90 696 1422 
17 137 560 673 664 2604 3652 
16 191 246 451 429 2632 4652 
19 672 264 1363 918 8885 12491 
20 0 1466 380 1438 640 6734 
21 98 4755 3641 1369 13675 20100 
22 37 97 513 131 1226 1664 
23 197 584 1381 766- 4648 5862 
24 4 2117 135 2081 1615 974 
25 108 885 1301 974 3249 7669 
26 379 1817 441 1783 5228 9166 
27 460 266 228 712 4895 7608 
26 54 lOS 342 156 1105 2252 
29 0 10 59 ro 99 310 
30 46 108 364 151 1064 2106 
31 0 23 46 22 77 294 
32 0 0 141 0 237 498 
33 0 4 236 4 397 a10 
34 a 0 33 0 56 178 
---------------------------------------------------------------------------







ATTRACTION EQUATIONS ANALYSIS 




0.93(total employment) 423.4 57.1 0.9906 
+ 11.96 
9.86(retail employment) 1519 179.7 0.9926 
+ 0.5(nonretail employ) 
+ 1.56 (dwelling units) 
-10.6 






zone 21 for the three trip purposes, that is [( 15114 I 
1369 + 13875 + 15114) * 100 = 49.5 \]. 
External Stations Productions and Attractions. The NCHRP 
Report 187 requires that the user supply the productions 
and attractions for every external station included in the 
study. The 1975-2000 technical report gives the total 
productions and attractions for external stations 35 
through 40. These values are given for the years 1975 and 
2000. It is assumed that the year 2000 P's and A's for the 
external stations are the same P's and A's used for the 
year 2010 in this study. However, these values should be 
split into HBW, HBNW, and NHB trip purposes. 
To determine the percentage of trips made for each 
trip purpose, the 1975-2000 is used. It is assumed that 
the percentage for each trip purpose for the external 
stations is the same as the percentage used for internal 
traffic zones. Thus, to determine the percentage share for 
HBW trip purpose, the total trip productions or attractions 
for that trip purpose taken from the 1975-2000 technical 
report is divided by the total trip productions or 
attractions for all trip purposes. The percentage shares 
for HBNW and NHB are determined in a similar fashion. The 
resulting percentages are 6.8 percent for HBW trip purpose, 
47.4 percent for HBNW trip purpose, and 45.8 percent for 
NHB trip purpose. 
Multiplying these percentages by the total trip 
64 
productions or attractions for every external station taken 
from the 1975-2000 technical report results in the number 
of trips by trip purpose. The results are shown in Table 
20. Similarly, the year 2010 projected P's and A's which 
are equal to the year 2000 values available in the 1975-
2000 technical report are divided into HBW, HBNW, and NHB 
trip purposes. The outcome of this is shown in Table 21. 
Balancing Trip Productions and Attractions. Inspection of 
the total productions and total attractions shows that they 
do not match. The areawide control factors, F's, are 
calculated and applied to the individual zone attractions 
to balance the total productions and attractions. Zone 21, 
that is, osu, is marked as a special generator. Zones 35, 
36, 37, 38, 39, and 40 are marked as external stations and 
thus do not enter the balancing process. 
Trip Distribution 
With the balanced productions and attractions at hand, 
the next step is to develop trip tables for HBW, HBNW, and 
NHB trip purposes. The initial step is to develop a travel 
time matrix consisting of interzonal and intrazonal travel 
times. Interzonal travel time is defined as the travel 
time between zones consisting of terminal times at each end 
plus the in-vehicle travel time. Intrazonal travel time, 
on the other hand, is the average travel time for trips 




















P'S AND A'S FOR EXTERNAL STATIONS 
FOR THE YEAR 1975 
HBW HBNW 
A'S P'S A'S P'S 
241 1706 1706 1652 
268 1896 1896 1836 
295 2086 2086 2020 
117 829 829 803 
8 59 59 57 
20 142 142 138 
TABLE 21 
P'S AND A'S FOR SPECIAL GENERATOR AND 
EXTERNAL STATIONS FOR THE YEAR 2010 
HBW HBNW 
A'S P'S A'S P'S 
3750 5200 5200 8750 
328 2323 2323 2249 
335 2370 2370 2295 
399 2820 2820 2725 
144 1019 1019 987 
23 166 166 161 




















time. The procedures used in determining the travel time 
matrix differ in QRS and QRS II, therefore will be 
presented seperately. 
Determination of Interzonal Travel Time using QRS. Inter-
zonal travel time is determined based on the x-y 
coordinates of zone centroid, the zone location, and 
percent of distance traveled on arterials for every origin-
destination (0-D) movement. Referrring to Figure 9, the x 
and y coordinates are measured from the centroid of a zone 
to the x and y axis drawn from an arbitrary origin. In 
this study, the coordinates of the zone centroids presented 
in Table 22 are measured from the study area map which is 
drawn to a scale of one inch equals one mile. 
Zonal location defines each zone as central business 
district (CBD), or central city (CC), or suburb (S). In 
this study, all zones were designated as CC since no 
defined boundaries exist between for the CBD, cc, and S. 
The percent distance traveled in each zonal location 
for every 0-D movement and the percent of distance traveled 
on arterials is estimated using the functional 
classification street map for the City of Stillwater. 
Since all zones are classified as central city (CC), one-
hundred percent of the distance for every trip interchange 
is traveled in the central city. The percent of distance 
traveled on arterials is approximated from the street map 
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Scale: 1 inch = 1 mile 
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Determination of Intrazonal Travel Time using ORS. Intra-
zonal travel time is calculated based on travel time of 
surrounding zones. The method involves the measurement of 
airline distance from the centroid of the zone of intra-
travel to the centroids of all adjacent zones. These 
airline distances are then averaged, and the intrazonal 
airline distance is taken as one-half of this average [191. 
Determination of Interzonal Travel Time using QRS II. In 
QRS II, interzonal travel time is determined by adding the 
travel time on the centroid connector to the travel time on 
all links that fall on the minimum path. The centroid 
connector travel time is defined as the time required to 
travel from the centroid of a zone to the nearest 
intersection. The equation used is: 
( 23) 
where 
tee= travel time on centroid connector. 
P1 = weight for walking time that has no units. 
QRS II suggests a value of 1.3 for P1· 
P2 = dimensionless weight for in-vehicle travel time. 
A value of 1.0 is suggested in QRS II. 
p3 = reciprocal of the value of time in units of 
minutes per cents. QRS II recommends a value of 
0.125. 
70 
v~ = walking access time in minutes 
Vz = network access time in minutes 
V3 = parking charges attributable to this one-way trip 
in cents. 
Travel time on all links constituting the shortest 
path is determined as a function of volume and "design 
capacity". The equation used is: 
( 24) 
where 
t1~nk = travel time on link. 
Po = constant used in the Traffic Assignment Manual 
published by the Bureau of Public Roads. A value 
of 0.15 is suggested in QRS II 
P1 = constant used in the Traffic Assignment Manual 
published by the Bureau of Public Roads. A vlaue 
of 1 is suggested in QRS II. 
Pz = constant used in the Traffic Assignment Manual 
published by the Bureau of Public Roads. A value 
of 4 is suggested in QRS II. 
p3 = constant used in the Traffic Assignment Manual 
published by the Bureau of Public Roads. A value 
of -4 is suggested in QRS II. 
v~ = free flow travel time on links which is defined as 
the travel time necessary for vehicle to travel 
over a link when traffic is very light. 
71 
v2 = estimated volume on link in vehicles per hour. 
V3 = design capacity in vehicle per hour. 
Determination of Intrazonal Travel Time Using ORS II. QRS 
II calculates intrazonal travel time based on the area of 
the zone and the average speed of vehicles on intrazonal 
trips. The equation used is the multiplicative functional 
form, and can be expressed as follows: 
( 25) 
where 
t~nt~-= travel time on intrazonal trips. 
po = number of minutes in an hour multiplied by three 
over four. 
v1 = average speed for trips in miles per hour. 
v2 = area of a zone in square miles. 
Travel Time Factors. Three sets of travel time factors 
were used in this study. The first set of travel time 
factors which is used in QRS and QRS II was taken from the 
1975-2000 technical report. These factors are presented in 
Table 8. The second set is determined based on Equation 8 
using the suggested values for the trip distribution 
parameter, ak, given in the user manual for QRS II. The 
third set of travel time factors is also determined using 
Equation 8 along with the ak values determined from the 
1968-1990 technical report. It should be noted that the 
second and third sets of travel time factors were only used 
72 
in QRS II. 
The suggested values in QRS II for ak are 1.99 for HBW 
trip purpose, 2.73 for HBNW trip purpose, and 2.68 for NHB 
trip purpose. To determine the ak's from the 1968-1990 
technical report, Figures 10 through 12 were utilized [121. 
The values of ak were determined from the slope of the 
straight line drawn on the figures. In doing so, the trip 
distribution parameters, ak's, for HBW, HBNW, and NHB trip 
purposes are determined. These values are 1.99 for HBW 
trip purpose, 1.26 for HBNW trip purpose, and 2.81 for NHB 
trip purpose. 
Applying the Gravity Model. The gravity model was applied 
to compute the trip interchanges between zones, TL~· This 
was repeated using 1) travel time factors taken from the 
1975-2000 technical report for QRS and QRS II, 2) travel 
time factors determined using the power function based on 
suggested values given in QRS II, and 3) travel time 
factors determined from the 1968-1990 technical report. 
Two iterations are selected to ensure that the attraction 
constraint given by Equation 11 is satisfied. 
Traffic Assignment 
The method used in the traffic assignment module is 
the all-or-nothing technique [19]. This technique assigns 
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Figure 12. NHB Travel Time Factors [12] 
In QRS, a list of links that comprise the minimum path 
connecting each origin-destination pair was developed based 
on a logical (shortest) path as determined by inspection of 
the functional classification street map. These lists are 
presented in Appendix c. Three assumptions were used in 
the assignment process. They are: 
1. Trave 1 time on traveled route is less than or equal 
to travel time on other alternative routes. Thus, drivers 
prefer traveling on arterials over collectors and on 
collectors over local streets. 
2. For trip interchange i-j and trip interchange j-i, 
the same path is used. 
3. Route selection is independent of traffic volumes. 
QRS II, on the other hand, compiles a list of links on 
the shortest path between all pairs of zones during path 
finding. The shortest path is determined from the travel 
times on the links derived from the speed of vehicles on 
each link. This indicates that the speed on every link must 
be known. Trips are then loaded on the links connecting 
origin and destination zones. 
Intersection Capacity Analysis 
Intersection capacity analysis is necessary to predict 
the operating conditions of the street network. The data 
required for this analysis consists of the number of lanes 
on each approach, hourly volumes, percent of left and right 
77 
turn movements, and percent of heavy vehicles and buses. 
The initial step is to convert daily traffic volumes 
obtained from the traffic assignment module into peak hour 
volumes. Using the 1968 technical report prepared by ODOT, 
the peak hour is selected between 5:00 and 6:00 pm, and the 
conversion factor is 8.73 percent [121. Multiplying the 
assigned daily volumes by the conversion factor will result 
in the peak hour volumes. 
Intersection capacity analysis is performed using the 
procedures outlined in the NCHRP Report 187 and the Highway 
Capacity Manual (HCM) [11]. These methods will be 
presented seperately. 
Intersection Capacity Analysis Using NCHRP Report 187. 
This method which is based on the 1965 Highway Capacity 
Manual requires the determin~tion of hourly capacity for 
signalized intersection approaches using Table 51 found in 
Chapter Eight of the NCHRP Report. The equation is: 




= adjusted capacity in vph of green 
= possible capacity (Table 51) 
= urbanized area population adjustment 
factor (Table 51) 
= location adjustment factor (Table 51) 
= right turn adjustment factor 
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f1t = left turn adjustment factor 
fhv = heavy vehicles adjustment factor 
G/C = green to cycle ratio 
Table 51 of the NCHRP Report 187 assumes a 0.85 peak-hour 
factor (PHF), 5 percent commercial trucks, 10 percent left 
turn, 10 percent right turn, and a 0.5 G/C. These 
assumptions are made in this study. 
Dividing the peak hour volume for each intersection 
approach by its corresponding capacity results in a volume 
to capacity ratio. The NCHRP Report 187 suggested upper 
limits for V/C ratios in determining the appropriate level 
of service (LOS) are given in Table 23. 
Intersection Capacity Analysis Using the 1985 HCM. The 
1985 HCM approach is based upon the critical movement 
technique. Worksheets similar to the one shown in Figure 
13 have been provided to facilitate the planning analysis. 
The steps are presented in details in Chapter Nine of the 
Highway Capacity Manual [16]. These steps are: 
Step 1 .. Record demand hourly volumes. The terminology 
"demand volumes" is used because these volumes are 
projections of expected traffic at some future time. These 
volumes are recorded in the appropriate spaces provided in 
the corners of the worksheet. 
Step 2. Record geometries. Sketch the approach lanes 
and lane configurations on the worksheet within the 
79 
TABLE 23 
SUGGESTED UPPER LIMITS ~F V/C 
FOR LOS DETERMINATION 
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Figure 13. Planning Capacity Worksheet [11] 
intersection schematic diagram. Then, identify the traffic 
movement or combination of movements for each traffic lane. 
Step 3. Identify lane impedance. Identify left-turn 
movements in shared lanes that interfere with opposing 
through traffic. These movements will impede through 
vehicles using the same lane. 
Step 4. Assign lane volume. Through and turning 
movement volumes in each lane must be distributed as 
uniformly as possible. 
Step 5. Find the sum of critical lane volumes. These 
represent the total demand volume per lane at the 
intersection which in turn equals the sum of critical lane 
volumes on each street. These volumes should be recorded 
in the appropriate boxes provided in the worksheet. 
Step 6. Check intersection capacity. The sum of 
critical lane volumes is checked against the capacity 
criteria. The results of the planning analysis give a 
general indication of the acceptability of the capacity of 
the intersection for the forecast future demand condition. 
Five intersections were selected for applying the HCM 
procedures. They are: Perkins and Sixth, Perkins and 
McElroy, Duck and Hall of Fame, Main and Sixth, and Western 
and Sixth. Applying the HCM procedures to these 
intersections should enable the planner to determine 
whether they operated under, near, or over capacity. 
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CHAPTER V 
RESULTS AND DISCUSSION 
Trip Generation 
The output of the trip generation module includes trip 
productions (P's), and trip attractions (A's). The P's and 
A's were determined for the base year 1975 based on the 
user-supplied rates shown in Table 15 to compare them with 
the P's and A's available in the 1975-2000 technical 
report. The output is presented in Table 24. The year 
1975 is selected because of the availability of trip 
productions and attractions for that year. Tables 25, 26 
and 27 give the zonal productions obtained using QRS and 
from the 1975-2000 technical report and the percent 
difference between them for every trip purpose. It can be 
seen from Table 25 that the percent difference in HEW trip 
productions varied from 174 percent to -10 percent. The 
percent difference shown in Table 26 for HBNW trip purpose 
ranged from 200 percent to a -63 percent, while the percent 
difference for NHB trip purpose shown in Table 27 varied 
from 189 percent to a -78 percent. 
Similarly, Tables 28 through 30 present the zonal 




TRIP PRODUCTIONS AND ATTRACTIONS FOR THE YEAR 1975 
BASED ON USER-SUPPLIED RATES USING QRS 
---------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
---------------------------------------------------------
1 44 10 312 144 251 219 
2 97 13 690 188 555 314 
3 174 340 1240 578 999 1040 
4 329 319 2347 799 1891 1420 
5 451 6 3222 789 2596 1325 
6 3 19 20 15 16 31 
7 69 0 491 115 395 195 
8 7 0 53 12 43 21 
9 21 33 153 344 123 465 
10 449 121 3203 1006 2580 1659 
11 396 585 2825 1176 2275 2089 
12 456 1541 3256 2980 2622 4926 
13 702 396 5013 1832 4037 3034 
14 58 0 411 97 331 164 
15 66 42 471 133 379 239 
16 218 86 1558 890 1255 1325 
17 625 648 4462 2681 3594 4182 
18 419 406 2990 2710 2409 3935 
19 1266 870 9038 8884 7279 12568 
20 353 1363 2520 1326 2029 2674 
21 3382 4513 24142 9024 19445 16297 
22 476 125 3401 1214 2740 1941 
23 1283 726 9157 4389 7375 6853 
24 125 1973 895 1309 721 2821 
25 1208 923 8626 3537 6948 5837 
26 410 2042 2924 5333 2355 8125 
27 212 675 1512 5024 1218 6839 
28 318 148 2268 1118 1826 1719 
29 55 9 398 97 315 167 
30 338 143 2414 1075 1944 1677 
31 43 21 305 83 246 148 
32 131 0 935 220 753 372 
33 218 4 1565 370 1260 628 
34 31 0 219 51 176 87 
35 241 241 1706 1706 1652 1652 
36 268 268 1896 1893 1836 1836 
37 295 295 2086 2086 2020 2020 
38 117 117 829 829 803 803 
39 8 8 59 59 57 57 






































PERCENT DIFFERENCE IN HBW TRIP PRODUCTIONS 



















































































































































PERCENT DIFFERENCE IN HBNW PRODUCTIONS 
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PERCENT DIFFERENCE IN NHB PRODUCTIONS 
FOR THE YEAR 1975 
NHB P'S 
FROM QRS 











































































































values from the 1975-2000 technical report for every trip 
purpose. The percent difference as shown in Table 28 
varied from 174 percent to -10 percent. The percent 
difference for HBNW trip purpose shown in Table 29 varied 
from 200 percent to -63 percent. Also, the percent 
difference for NHB trip purpose shown in Table 30 varied 
from 190 percent to -78 percent. 
The percent difference for all trip purposes is 
significantly large. The differnece can be related to 
the aggregeation of zones, and the use of different 
explanatory variables in the production rates and 
attraction equations. 
Using QRS, the P's and A's were determined for the 
target year 2010 based on the user-supplied rates given in 
Table 15, land-use data shown in Table 6, and the income 
shown in Table 16. This process was then repeated using 
the default rates. Table 31 presents the year 2010 P's and 
A's calculated based upon user-supplied rates. The P's and 
A's determined using default rates are presented in Table 
32. 
The same procedures are repeated for QRS II, that is, 
the P's and A's are estimated based on default rates and 
user-supplied rates for the year 2010. Table 33 presents 
the resulting P's and A's based on default rates. 
Similarly, Table 34 presents the resulting P's and A's 






































PERCENT DIFFERENCE IN HBW TRIP ATTRACTIONS 


















































































































































PERCENT DIFFERENCE IN HBNW TRIP ATTRACTIONS 


















































































































































PERCENT DIFFERENCE IN NHB TRIP ATTRACTIONS 
FOR THE YEAR 1975 
NHB A'S 
FROM QRS 













































































































2010 TRIP PRODUCTIONS AND ATTRACTIONS BASED 
ON USER-SUPPLIED RATES USING QRS 
---------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
---------------------------------------------------------
1 67 432 477 2170 385 3013 
2 323 232 2307 1529 1859 2286 
3 667 3139 4761 3575 3835 6707 
4 636 2730 4542 3070 3658 5825 
5 1064 73 7599 2183 6120 3562 
6 33 616 232 507 187 1000 
7 262 91 1870 779 1506 1221 
8 28 18 199 56 160 101 
9 47 129 338 795 272 1105 
10 871 188 6220 2014 5009 3271 
11 409 638 2917 1619 2350 2685 
12 580 2045 4137 5611 3333 8599 
13 2152 873 15368 5853 12374 9410 
14 382 115 2725 1115 2195 1744 
15 106 92 756 583 608 861 
16 808 185 5769 2346 4646 3641 
17 1890 2146 13493 9102 10868 14000 
18 360 780 2573 4750 2072 6661 
19 1144 565 8169 5071 6580 7521 
20 226 0 1611 379 1298 642 
21 3750 3750 5200 5200 8750 8750 
22 572 125 4084 1374 3290 2214 
23 1389 580 9913 2944 7984 5034 
24 803 2620 5735 3591 4620 6542 
25 1402 1271 10012 6034 8064 9308 
26 499 647 3561 4443 2868 6304 
27 256 862 1830 4900 1474 6819 
. 28 626 249 4469 2421 3600 3637 
29 73 49 524 262 422 410 
30 620 263 4429 2410 3568 3627 
31 81 63 577 404 465 601 
32 770 167 5497 2151 4427 3358 
33 884 774 6312 3080 5084 4944 
34 64 59 458 317 369 477 
35 328 328 2323 2323 2249 2249 
36 335 335 2370 2370 2295 2295 
37 399 399 2820 2820 2725 2725 
38 144 144 1019 1019 987 987 
39 23 23 166 166 161 161 




2010 TRIP PRODUCTIONS AND ATTRACTIONS BASED 
ON DEFAULT RATES USING QRS 
---------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
---------------------------------------------------------
1 180 790 857 2157 346 1101 
2 869 425 4143 1347 1671 753 
3 1792 5738 8547 3181 3446 8755 
4 1710 4989 8154 2681 3288 7651 
5 2860 134 13642 1547 5501 751 
6 87 1125 417 489 168 1666 
7 704 167 3357 626 1354 370 
8 75 32 357 40 144 62 
9 127 236 607 776 245 339 
10 2341 343 11166 1495 4502 950 
11 1098 1166 5238 1381 2112 1904 
12 1558 3733 7428 5315 2995 5621 
13 5783 1596 27582 4582 11122 3412 
14 1026 211 4893 891 1973 493 
15 285 168 1357 525 547 285 
16 2172 338 10356 1872 4176 885 
17 5079 3922 24225 8034 9768 6530 
18 968 1426 4619 4588 1862 2092 
19 3075 1034 14666 4424 5904 1984 
20 607 0 2893 243 1166 122 
21 9088 8250 43342 6998 17477 13904 
22 1533 228 7333 1035 2957 625 
23 3732 1061 17796 2111 7176 2291 
24 2159 4789 10297 3119 4152 7431 
25 3769 2324 17975 5234 7248 4013 
26 1340 1183 6392 4191 2578 1835 
27 689 1576 3286 4806 1325 2245 
28 1682 456 8023 2062 3235 941 
29 197 90 940 220 379 166 
30 1667 481 7952 2054 3206 976 
31 217 116 1036 358 418 201 
32 2069 306 9868 1698 3979 824 
33 2376 1414 11333 2565 4570 2493 
34 172 107 821 281 331 182 
35 784 858 2989 1911 1127 2131 
36 800 875 3050 1950 1150 2175 
37 952 1041 3630 2321 1369 2585 
38 344 376 1312 839 494 935 
39 56 61 213 137 81 152 




2010 TRIP PRODUCTIONS AND ATTRACTIONS BASED 
ON DEFAULT RATES USING QRS II 
-------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
-------------------------------------------------------
1 132 791 433 2157 168 1101 
2 840 425 3205 1347 1208 753 
3 1680 5737 8012 3184 3231 8755 
4 1685 4989 6965 2694 2583 7651 
5 2681 134 12789 1546 5157 751 
6 81 1125 390 489 157 1666 
7 693 166 2867 625 1063 370 
8 72 32 276 39 104 62 
9 119 236 569 776 229 338 
10 1981 343 7552 1495 2847 950 
11 929 1166 3542 1381 1334 1903 
12 1507 3738 5747 5314 2167 5620 
13 5699 1596 23559 4582 8739 3411 
14 1011 210 4179 891 1550 493 
15 240 168 917 524 346 285 
16 2004 338 7642 1872 2881 885 
17 5006 3921 20691 8033 7676 6530 
18 831 1426 2724 4588 1062 2092 
19 2173 1033 5989 4424 2276 1984 
20 446 0 1462 243 570 121 
21 3746 8250 5709 6998 8385 13904 
22 1131 227 3707 1034 1445 624 
23 3444 1060 13132 2111 4951 2291 
24 2024 4788 9653 3119 3892 7430 
25 3724 2323 15353 5233 5695 4012 
26 1150 1183 3770 4191 1469 1834 
27 506 1575 1661 4805 647 2241 
28 1423 455 5427 2062 2046 941 
29 169 90 554 219 216 166 
30 1655 481 7330 2054 2837 976 
31 183 115 700 358 264 201 
32 2039 306 8429 1698 3127 823 
33 2227 1414 10624 2565 4284 2493 
34 126 107 415 281 161 182 
35 328 397 2323 1744 2249 2759 
36 335 405 2370 1780 2295 2815 
37 399 482 2820 2118 2731 3350 
38 144 174 1019 765 987 1210 
39 23 28 166 125 161 197 




2010 TRIP PRODUCTIONS AND ATTRACTIONS BASED 
ON USER-SUPPLIED RATES USING QRS II 
-------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
-------------------------------------------------------
1 62 432 420 2170 1073 3007 
2 331 232 2319 1529 2082 2283 
3 648 3139 4816 3575 3798 6705 
4 608 2730 4562 3670 4968 5823 
5 1035 74 7687 2183 6061 3561 
6 32 616 235 507 185 1000 
7 250 91 1878 979 2045 1220 
8 29 18 200 56 180 101 
9 46 129 342 795 270 1103 
10 893 188 6251 2014 5613 3270 
11 419 638 2932 2619 2633 2683 
12 554 2045 4156 5611 4525 8588 
13 2058 873 15431 5853 16803 9404 
14 365 115 2737 1115 2981 1743 
15 109 92 760 583 682 860 
16 773 185 5794 2346 3090 3638 
17 1807 2146 13553 9102 14758 13985 
18 357 780 2365 4750 6649 3533 
19 1064 565 7185 5071 18362 7511 
20 224 0 1481 379 1090 642 
21 3746 4513 5173 9023 8920 16294 
22 566 124 3754 1374 2762 2213 
23 1327 580 9756 2943 5310 5033 
24 781 2619 5802 3590 4575 6558 
25 1340 1271 10056 6034 10950 9298 
26 518 647 3557 4443 3334 6293 
27 253 862 1682 4900 1237 6805 
28 641 249 4491 2421 4033 3633 
29 76 49 525 262 353 409 
30 603 263 4480 2409 3553 3622 
31 84 63 579 403 389 600 
32 748 167 5560 2150 4384 3355 
33 859 773 6386 3080 5034 4939 
34 59 58 402 317 1028 476 
35 328 328 2323 2323 2249 2279 
36 335 335 2370 2370 2295 2295 
37 339 339 2820 2820 2731 2731 
38 144 144 1019 1019 987 987 
39 23 23 166 166 161 161 
40 37 37 261 261 252 252 
-------------------------------------------------------
The total trip productions and trip attractions in QRS 
and QRS II obtained using default rates are compared to the 
total P's and A's based upon user-supplied rates. The 
results are shown in Table 35. In addition, the total P's 
and A's based on user-supplied rates were compared to the 
total P's and A's available in the 1975-2000 technical 
report. The results are presented in Table 36. 
Trip productions and attractions for Oklahoma State 
University and external stations for the year 2010 are 
presented in Table 37. It is necessary to differentiate 
between the P's and A's for the special generator (OSU), and 
external stations (zones 35 through 40) from the the rest 
of the internal traffic zone to emphasize the fact that 
these values were determined manually and fed into QRS and 
QRS II. 
As mentioned earlier in Chapter III, the gravity 
model requires that the total productions and attractions 
be equal. Inspection of the total P's and A's for every 
trip purpose obtained based on user-supplied rates shows 
that they do not match, i.e., total trip productions and 
total trip attractions are not equal. Thus, the areawide 
control factors, F's, are determined for every trip 
purpose adjusting the individual zonal attractions so 
that their total would match the total productions. Zone 
21, that is, Oklahoma State University, is designated as 















COMPARISON OF TRIP GENERATION RESULTS 







































EVALUATION OF TRIP GENERATION RESULTS 













HBW P 25110 22379 +12.2 
HBNW P 157618 155146 +1. 6 
NHB P 132976 126576 +5.1 
HBW A 28097 22379 +20.2 
HBNW A 99366 155146 -36.0 
NHB A 156342 126576 +23.5 
USING QRS II 
------------
HBW P 24538 22379 +9.7 
HBNW P 155796 155146 +0.4 
NHB P 158661 126576 +25.4 
HBW A 28663 22379 +22.6 
HBNW A 103190 155146 -33.5 













P'S AND A'S FOR SPECIAL GENERATOR AND 
EXTERNAL STATIONS FOR THE YEAR 2010 
HBW HBNW 
A'S P'S A'S P'S 
3750 5200 5200 8750 
328 2323 2323 2249 
335 2370 2370 2295 
399 2820 2820 2725 
144 1019 1019 987 
23 166 166 161 













are designated as external stations. Thus, in 
determining the F's, the productions and attractions of 
the special generator and external stations are 
subtracted from the total productions and attractions as 
indicated in Equations 4 to 6 presented in Chapter III. 
The resulting areawide control factors, F's, for HBW, 
HBNW, and NHB trip purposes are presented in Table 38. 
Multiplying the areawide control factors by the 
individual attractions for every zone results in balanced 
trip productions and attractions. Tables 39 and 40 
present the balanced trip productions and attractions for 
the year · 2010 for QRS and QRS I I. 
The balanced productions and attractions based on 
user-supplied rates were used in the trip distribution 
and traffic assignment modules. 
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TABLE 38 
AREAWIDE CONTROL FACTORS 



















3.39 1. 48 
1.64 0.84 
2.69 1.16 





2010 BALANCED TRIP PRODUCTIONS AND ATTRACTIONS 
BASED ON USER-SUPPLIED RATES USING QRS 
---------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
---------------------------------------------------------
1 67 383 477 3431 2567 2567 
2 323 206 2307 2418 1948 1948 
3 667 2784 4761 5653 5714 5714 
4 636 2421 4542 4854 4963 4963 
5 1064 65 7299 3452 3035 3035 
6 33 546 232 802 852 853 
7 262 81 1870 1232 1040 1040 
8 28 16 199 89 86 86 
9 47 114 338 1257 941 941 
10 871 167 6220 3184 2787 2787 
11 409 566 2917 2560 2288 2288 
12 580 1814 4137 8872 7326 7326 
13 2152 774 15363 9254 8017 8017 
14 382 102 2725 1763 1486 1486 
15 106 82 756 922 734 734 
16 808 164 5769 3709 3102 3102 
17 1890 1903 13493 14392 11928 11928 
18 360 692 2573 7510 5675 5675 
19 1144 501 8169 8018 6408 6408 
20 226 0 1611 599 547 547 
21 3750 3750 5200 5200 8750 8750 
22 572 111 4081 2172 1886 1886 
23 1389 514 9913 4655 4289 4289 
24 803 2324 5735 5678 5574 5574 
25 1402 1127 10012 9541 7930 7930 
26 499 574 3561 7025 5371 5371 
27 256 765 1830 7748 5810 5810 
28 626 221 4469 3828 3099 3099 
29 73 43 524 414 349 349 
30 620 233 4429 3811 3090 3090 
31 81 56 577 639 512 512 
32 770 148 5497 3401 2861 2861 
33 881 687 6312 4870 4212 4212 
34 64 52 458 501 406 406 
35 328 291 2323 3673 1916 1916 
36 335 297 2370 3747 1955 1955 
37 399 354 2820 4459 2322 2322 
38 144 128 1019 1611 841 841 
39 23 20 166 262 137 137 




2010 BALANCED TRIP PRODUCTIONS AND ATTRACTIONS 
BASED ON USER-SUPPLIED RATES USING QRS I I 
-------------------------------------------------------
HBW HBNW NHB 
ZONE p A p A p A 
-------------------------------------------------------
1 62 356 420 3437 2909 2909 
2 331 191 2319 2422 2208 2208 
3 684 2580 4816 5662 6484 6484 
4 608 2244 4562 4862 5631 5631 
5 1035 60 7687 3457 3444 3444 
6 32 506 235 804 967 967 
7 250 75 1878 1234 1180 1180 
8 29 14 200 89 98 98 
9 46 106 342 1259 1066 1066 
10 893 154 6251 3189 3162 3162 
11 419 524 2932 2564 2595 2595 
12 554 1681 4156 8887 8306 8306 
13 2058 718 15431 9271 9095 9095 
14 365 95 2737 1766 1685 1685 
15 109 76 760 923 831 831 
16 773 152 5794 3716 3518 3518 
17 1807 1763 13553 14416 13525 13525 
18 357 642 2365 7523 6431 6431 
19 1664 465 7185 8032 7265 7265 
20 224 0 1481 600 620 620 
21 3750 4513 5200 9024 16294 16294 
22 567 102 3754 2177 2140 2140 
23 1328 477 9956 4662 4868 4868 
24 781 2153 5802 5688 6324 6324 
25 1341 1045 10057 9558 8993 8993 
26 519 532 3557 7037 6086 6086 
27 254 709 1682 7761 6582 6582 
28 642 205 4492 3834 3514 3514 
29 77 41 526 415 396 396 
30 603 216 4481 3817 3504 3504 
31 84 52 579 639 581 581 
32 749 138 5561 3407 3245 3245 
33 860 636 6386 4879 4777 4777 
34 60 48 402 502 461 461 
35 328 328 2323 2323 2249 2249 
36 335 335 2370 2370 2295 2295 
37 399 399 2820 2820 2731 2731 
38 144 144 1019 1019 987 987 
39 23 23 166 166 161 161 
40 37 37 261 261 252 252 
-------------------------------------------------------
Trip Distribution 
The output from the trip distribution module includes 
a trip interchange matrix, T~~, and a trip length 
distribution for all trip purposes. 
Using QRS, the zone to zone trip tables for HBW, HBNW, 
and NHB trip purposes are presented in Appendix D. QRS II 
does not provide the zone to zone trip tables in the form 
of an output. Examination of the trip matrices obtained 
from QRS should enable the user to pinpoint the activities 
taking place in every zone, that is, the number trips 
produced by and attracted to every zone. Trips are divided 
into intrazonal and interzonal trips. Intrazonal trips 
occur when i = j. Interzonal trips designate trips made 
when i F j. 
Two iterations were performed to satisfy the 
attraction constraint given by Equation 11. Thus, summing 
vertically in the trip matrices for every destination zone 
shows that the attraction constraint is met. Similarly, 
summing trips originating from a zone shows that the 
production constraint given by Equation 10 is satisfied. 
The trip interchange matrices obtained using the 
friction factors taken from the 1975-2000 technical report 
are used later in the traffic assignment module. 
The trip length distributions obtained from QRS for 
the different trip purposes are shown in Figures 14 through 
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through 19. These results are based on the friction 
factors taken from the 1975-2000 technical report. 
The average trip length for the City of Stillwater 
can be determined from the trip length distribution. 
Using QRS II, the gravity model was applied using the 
power function to determine the friction factors. The 
trip distribution parameter, ak, used in the gravity 
model was determined based on 1) figures presented in 
the 1968-1990 technical report, and 2} the suggested 
values given by QRS II. The average trip lengths 
determined from QRS and QRS II, along with the actual 
trip lengths determined in the 1968-1990 technical report 
are presented in Table 41. 
The difference in the average trip length obtained 
using QRS and QRS II is attributable to the difference in 
the form of friction factors and the fact that intrazonal 
travel time using QRS II is smaller than intrazonal travel 
using QRS. Note that the suggested values of ak resulted 
in values of average trip length that are very close to 
those obtained using the ak values derived from the 1968-
1990 technical report. This indicates that the suggested 
values for the ak given in QRS II can be used as 
transferable parameters. Note also that the average trip 
length obtained using the friction factors from the 1975-
2000 technical report in QRS II is the closest to the 
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The results of the traffic assignment module are the 
expected future traffic volumes on the street network. The 
method used is the all-or-nothing technique. The process 
is repeated using QRS and QRS II. 
Using QRS, the assignment process is accomplished 
using the functional classification street map shown in 
Figure 20. Links are numbered for identification, thus, 
the reader should refer to .the figure to determine the 
roadway segement represented by the link number. 
Results of the QRS assignment process are presented in 
Table 42. The output consists of link numbers and their 
corresponding average daily volumes. The output presented 
in Table 42 can be represented in terms of "desire lines". 
Desire lines indicate which roads are traversed by the 
users of the street network. A thicker desire line means 
heavy traffic flow for the roadway, and a thin line 
indicates that only light traffic flows on the street. 
Figure 21 shows a graphic representation of the assigned 
daily traffic. 
The traffic assignment module is carried out in QRS II 
using the trip distribution output determined based on the 
friction factors found in the 1975-2000 technical report. 
The assignment process is carried out using the functional 
classification street map shown in Figure 22 which shows 
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Figure 20. Street Map Showing Link Numbers Used in QRS 
TABLE 42 
FORECASTED ASSIGNED DAILY VOLUMES USING QRS 
----------------------------------------------------------------------------------------------------
LINK # 0 1 2 3 4 5 6 7 8 9 
-------------------------------------------------------------------------------------------------
00 21190 1540 2910 4090 6080 10780 1666 18690 14890 
10 17420 15870 12250 13920 13510 12340 8750 8170 4900 15500 
20 19040 16880 14510 10470 18850 25370 12650 19650 22980 4330 
30 6860 15990 11720 15050 1860 26530 21260 24590 25350 21880 
40 19560 14460 10530 11180 7580 21690 37980 63010 49730 51380 
50 43090 36880 25520 16360 13840 14360 11490 11490 7120 4120 
60 4120 860 4555 2590 1730 1070 1110 4620 5330 4820 
70 4740 1180 170 00 970 00 00 240 900 750 
80 1530 1480 510 00 3310 8030 8850 9760 5960 840 
90 10520 16610 20580 29990 27333 26000 17040 9080 4410 3350 
100 00 3420 5100 5300 7310 5630 1270 2630 8330 14110 
110 28860 41520 1570 14530 8020 7620 7620 12400 4480 00 
120 8790 31450 31660 27610 32350 31130 26720 21450 17980 18630 
130 24840 11060 24160 16210 11210 17450 6780 4460 4130 2910 
140 00 4010 3090 00 170 00 4750 290 1370 3020 
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Figure 21. Desire Lines of Travel Using QRS 
the numbering of links used in QRS II. The forecasted 
average daily assigned volumes obtained from QRS II 
assignment module are presented in Table 43. These 
volumes can be shown graphically in terms of desire line as 
seen in Figure 23. 
The result of the assignment process for QRS differs 
from that of QRS II. The difference can be attributed to 
the fact that QRS II determines the shortest path 
internally while QRS requires the user to determine the 
shortest path (usually by inspection) and then enter the 











I l I 













I z z z 2 I 





I u ~ 2 l 4 ·--··l 
I ~ -; 
-: 3 l 
I 
I <n .. l I 
r··-·- J 
:z I 
t~kevie"' ~d I 
I z l ;\ "' s ;; I I u .. I I I " c 'Q• .. ·-I c ... ~ I 0 .. I ::0: u I 1 MeElrov Rd 2 3 4 I 6 7 .. ~ • I I 
• ~ n I 2 .. ~~ 
l 10 II 1 z I 
v 2 z I l t l ~il l 5 I I l 1 er ~ I I ~ l 2 I 1,, );d 
1 2 l 
< 1 l A' 2 6 • I 
Slxch . ve c: '• 4 I 2 l 4 I 1 2 I 
I 1 ~ z l ~p 4 \' 5 6 1 8 • 10 I! !l I I .. 6 ~~~ 4 " 1 " I I " z ]:.. 4 :z 6 l z :tt Ave 0 "'r I 
I ::1 I l ::j ) 
" I I ::1 7 l9th A· e t I ~ I 
r ' ::1 ' 4 
, 
6 i Q 
I ~· s e I I "' 
.. , .. _ 
.:. ... \ 2 
:1 
I 31 ~ I 0 I I 6 _____ j ,..,_ ... \ .. ,.. 
I 1 l I l 4 I 1 I I J 0 ' I I 
I I 
L ---·· --------------· 
. 
l.l.th 
''"''4! r··-··..J ! 1 2 I 
I I 
I 4 I 
. . 
. . 
L----------·- ·---·- __ _J 
Figure 22. Street Map Showing Link Numbers Used in QRS II 
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TABLE 43 
FORECASTED ASSIGNED DAILY VOLUMES FOR THE 
YEAR 2010 USING QRS II 
=======================:==========================================:=~~==~==:~= 
LINK DESCRIPTION ASSiGNED DAllY LINK DESCRIPTION ASSIGNED DAlLY 
VOLUMES VOLUMES 
------------------------------------------------------------------------------
Country Club I 2349 I'! a in 5 5819 
Country Club 2 0 !'lain 6 5521 
Sangre I 0 !'lain 7 6518 
Sangre 2 2680 I'! a in 8 809'3 
Sangre 3 218 Main 9 584 
Sangre 4 13425 Perkins I 1'324 
Sangre 5 15258 Perkins 2 8843 
Sangre 6 378 Perkins 3 15487 
Western I 8935 Perkins 4 251'30 
Western 2 10459 Perkins 5 517'38 
Western 3 36094 Perkins 6 43104 
Western 4 41535 Perkins 7 43104 
Western 5 13299 Perkins 8 43104 
Western 6 '3347 Perkins '3 32726 
Western 7 10137 Perkins 10 27560 
Western 8 11787 Perkins II 21810 
Western 9 10367 Perkins 12 20687 
l'lonroe 1 0 HIIY 177 13 10126 
Monroe 2 2772 HWY 177 14 9954 
Monroe 3 8431 Burdick I 0 
Monroe 4 15259 Burdick 2 13723 
Monroe 5 11810 Burdick 3 13723 
HIIY 177 1 4170 Stallard 1 0 
HWY 177 2 10275 Stallard 2 0 
Washington 3 20069 Stallard 3 0 
Washington 4 1'3530 Jar dot I 0 
Washington 5 25881 Jardot 2 779 
Duck 1 15120 Jardot 3 584 
Duck -1 5407 Jardot 4 6117 .. 
Duck 3 113'38 Jardot 5 2795 
Duck 4 13219 Jardot 6 2795 
Duck 5 3242 Jardot 7 27'35 
Duck 6 9141 Jardot a 355 
8oo1er 1 8179 Jardot '3 355 
Main 2 0 Jardot 10 0 
Main 3 7434 
Main 4 7640 
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Figure 23. Desire Lines of Travel Using QRS II 
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Intersection Capacity Analysis 
An analysis of intersection capacity is necessary for 
anticipating future traffic conditions on the roadway 
facilities. It can be used to measure the overall 
performance of the street network system. Two approaches 
were used in the capacity analysis: 1) NCHRP Report 187, 
and 2) Highway Capacity Manual. 
Using the NCHRP approach, the peak hour volumes 
derived by multiplying the daily assigned volumes by the 
the percent share for peak hour are divided by the capacity 
to obtain a volume to capacity ratio. The level of service 
(LOS) for every intersection approach is used as the 
criteria for traffic condition evaluations. Any 
intersection whose LOS exceeded LOS C is considered a 
potential problem. 
Table 44 presents the results of the intersectionj 
capacity analysis for the traffic assignment volumes 
obtained from QRS. Inspection of the column labeled LOS in 
Tables 44 reveals several locations where traffic 
congestion is expected. Table 45 presents the locations 
where LOS exceeds level c. It also gives the required 
approach width needed to improve the level of service to 
LOS C. Since all links are two-way streets, the required 
approach widths in Table 45 give the distance from the curb 
to the division line. 
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The results of the intersection capacity analysis for 
the traffic volumes obatined from QRS II are presented in 
Table 46. The locations where LOS exceeds level Care 
summarized in Table 47. In addition, the required approach 
width necessary to improve the LOS to level C is presented. 
The Highway 1985 Capacity Manual (HCM) approach is 
based on the sum of the critical lane volumes. Several 
major intersections have been arialyzed using the 
worksheets provided in the HCM. It is assumed that 10 
percent of the traffic will make left turn, 10 percent 
will make right turn, and 5 percent trucks and through 
buses. For .intersections with more than one approach 
lane the volumes are divided equally among the lanes. 
The results of this capacity analysis are presented in 
Figures 24 through 28 for QRS output, and in Figures 29 
through 33, for QRS II. The outcome of the capacity 
analysis using HCM should enable the planner to determine 
whether the intersection is operating under, near, or 
above capacity. 
The NCHRP Report 263 entitled "Simplified Procedures 
for Evaluating Low-Cost TSM projects -User's Manual" was 
reviewed to determine what kind of improvements are 
suggested that could remedy the congestion problem 
experienced at many intersections. The term "deficiency" 
is used in the NCHRP Report 263 to describe situations 
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where inadequate capacity to handle the peak-hour volume 
exists. The "strategy" according to the NCHRP Report 263 
is to reduce delays by increasing capacity. 
Capacity can be increased by improving the signal 
timing, adding new lanes, signal coordination along 
collectors, increasing auto occupancy, introducing 
transit mode, and designation of one-way streets. 
Improving the signal timing option should be considered 
first because it is less expensive and easier to 
implement. This option is the best solution for 
intersections that have two lanes per approach in 
addition to a left-turn bay since no lanes can be added. 
However, improving signal timing does not necessarily 
dictate a better level of service since the signal 
phasing may already be optimal. 
The second option, adding new lanes, should be 
considered only if improving the signal timing does not 
provide the desired LOS. Adding new lanes, however can be 
costly and time consuming, and thus involves factors which 
makes it less desirable. Adding new lanes should only be 
done as a last resort. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
The results of this study show that the quick-response 
procedures described in the NCHRP Report 187 are adequate 
for long-range planning of small urban areas. The location 
of street segments and intersections where volume exceeds 
capacity have been determined. This data can be used in 
evaluating the overall performance of the transportation 
network for the City of Stillwater. Based on the capacity 
analysis output, plans to upgrade the street network should 
be implemented. Nevertheless, there are some 4-lane streets 
in Stillwater where traffic is impeded and thus cannot be 
improved by adding new lanes. It can be concluded that 
regardless of any recommended transportation plan, traffic 
problems will continue to exist. 
Limitations of NCHRP Report 187 
The quick-response procedures presented in NCHRP 
Report 187 have been applied to address a variety of 
problems. In doing so, some limitations became apparent. 
These limitations are: 
1. Although the quick-response technique was designed 
to work with a limited amount of data input, in many cases, 
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these data are not available. 
2. The use of transferable parameters is viewed as an 
extremely desirable aspect; however, a number of these have 
been developed from rather outdated information. 
3. Quick-response procedures focus almost entirely on 
internal traffic considerations, therefore, analysis of 
external stations requires 0-D movement surveys. 
4. The ali-or-nothing technique causes problems where 
there are several alternative routes to a certain 
destination since subjective determination of routes may be 
argued. 
Evaluation of QRS 
In general, QRS is a useful tool for quick 
calculations of zonal productions and attractions. 
However, default parameters should be used with caution. 
The default values are suggested for use where local data 
are not available. The variables used in the attractions 
equations may not be the best representatives of the 
attractivness of a zone. Hence, the user should have the 
flexibility to choose different land-use characteristics as 
measures of attractivness. This shortcoming can be 
attributed to the methods used in the NCHRP Report 187. 
The trip distribution model is probably the most 
desirable of all models. Given travel times, the gravity 
model can be applied with extensive savings in time. 
Even in cases where travel times are not available, the 
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data needed to determine travel times is easily obtained. 
The NCHRP Report 187 gives the time requirements for the 
manual trip distribution procedures. Table 7 in the 
NCHRP Report 187 indicates a total of 25.5 hours for an 
analysis area of 34 zones. The total time spent using 
QRS is less than 2 hours. In fact, most of that time was 
spent entering the data necessary for the travel time 
matrix. Once all necessary data was available, the 
gravity mOdel was iterated twice in about 5 minutes. 
The traffic assignment model is not highly 
recommended. Determining a logical path for every trip 
interchange and then entering the numbers of links 
connecting the origin and destination zones into the 
computer is tedious and repeatitious. When all links are 
entered they cannot be saved or reviewed, making 
corrections impossible. A time log of the traffic 
assignment model was kept as an evaluation aid. The time 
necessary to enter the link numbers for every 0-D movement 
was close to six hours. In addition, the time spent to 
prepare the link list took about 13 hours. 
QRS is fairly easy to use and understand. The user is 
generally well informed about the data which he needs to 
enter. The users of QRS should be familiar with the NCHRP 
Report 187 techniques since it was designed to be a 
computerized application of the Report. QRS has, 
therefore, inherited all the methodological short-cuts and 
shortcomings that were included in the NCHRP Report 187. 
127 
128 
Evaluation of QRS II 
QRS II is an upgraded version of QRS. It is designed 
to work with the minimum amount of input data. This is 
highly favorable since quick-response procedures are most 
effective when used with the minimum necessary input data. 
QRS II requires the user to draw a network using the 
General Network Editor (GNE). The network is drawn to 
scale and consists of nodes and links. Once all nodes and 
links have been drawn and defined the data is entered for 
every one. Drawing the network and entering the data 
needed for every node and link is the most time consuming. 
But, the network can be saved making it easy to edit it any 
time. 
The trip generation model is essentially the same as 
that of QRS. The default or suggested rates available in 
' 
QRS II should be used only when local data is not 
available. 
The trip distribution model uses the gravity model. 
Friction factors can be determined using either the "power" 
form, the "exponential" form, or can be supplied by the 
user. Travel times between zones are easily determined by 
adding the link travel times to the centroid connector 
travel times. 
The traffic assignment model is definitely an 
improvement over QRS. QRS II determines the shortest path 
and loads the trips on the path, resulting in time saving. 
In general, QRS II is sophisticated yet simple to use 
and understand. All input and output data files can be 
edited, reviewed, and re-used as needed. The developer of 
QRS II did not adopt the short-cuts used in the NCHRP 
Report 187, resulting in a highly valuable package. 
Comparison of QRS and QRS II 
The similarities and differences between QRS and 
QRS II are outlined as follows: 
1. QRS is written in UCSD Pascal, QRS II in MS-DOS. 
QRS II has a positive advantage in this respect. 
2. QRS handles a maximum of 50 zones. QRS II has two 
versions. The educational version handles a maximum of 40 
zones. The professional version, on the other hand, can 
handle up to 285 zones. 
3. QRS II requires the user to provide a network. 
QRS does not. 
4. QRS and QRS II use the same attraction equations 
suggested in the NCHRP Report 187. 
5. Production rates used in QRS II are the same as 
those used in QRS with the exception that income has been 
converted to a 1980 dollar base. 
6. Travel time determination is easier using QRS II 
than QRS. 
7. QRS allows the user to enter a set of friction 
factors or use the default facotrs. QRS II is more 
flexible. It allows the user to use one of four 
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alternatives, namely, default, user-supplied, "power" form, 
or "exponential" form. 
8. QRS requires the user to enter a list of links 
connecting every 0-D movement. QRS II loads trips 
internally. 
9. Input and output files are easily manipulated in 
QRS II. QRS is not as flexible. 
In conclusion, QRS II impresses the user as being a 
better package than QRS. 
Recommendations 
Many successful applications have been made using the 
quick-response technique as presented in the literature 
review. Yet, many more can be made provided that the 
limitations are fully understood. Although some accuracy 
may be sacrificed, it is widely accepted that these 
techniques provide reasonable results within the desireable 
time frame and cost constraints. 
Two recommendations can be made with respect to 
transportation planning in Stillwater. 
1. Socio-economic and land-use data should be updated 
to more closely reflect the actual activities of road 
users. 
2. A comprehensive transportation planning study 
should be conducted every ten years. This is necessary to 
keep all forecasts and actual representations of the 
traffic conditions up to date. 
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Other recommendations can be given regarding the 
quick-response technique. 
1. Default rates for trip generation should be updated 
continuously. 
2. Case studies should be developed to serve as 
guidelines for future applications, in addition to 
enhancing the credibility of the procedures. 
3. A better traffic assignment approach should be 
used, yet it should be a simplified one. The all-or-nothing 
technique is not sensitive to changes in the street 
network. 
4. Data for external stations should be reviewed to 
determine whether transferable parameters can be developed. 
5. Introduce the quick-response procedures into 
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QUICK RESPONSE MICROCOMPUTER SYSTEM 
Trip Generation 
QRS and QRS II calculate trip productions based on the 
number of dwelling units in each zone using either default 
production rates or user specific rates. Attractions are 
calculated using default or user specific coefficients for 
the attractions equations. 
The following data is needed for each zone: 
1. Average income or average autos owned per 
household, 
2. Number of retail employment, 
3. Number of nonretail employment, 
4. Number of dwelling units. 
Trip Distribution 
Both systems use the traditional gravity model 
formula. The required input data for each of the three 
trip purposes include the following: 
1. Balanced productions and attractions for each 
zone, 
135 
2. Travel time/friction factor relationship, 
3. Intrazonal travel time, 
4. Interzonal travel time 
Productions and attractions are obtained from the trip 
generation module. 
Default friction factors are available for the four 
population groups. They may be used when user-specific 
factors are not available. In addition, QRS II gives the 
user flexibility in choosing to work with "exponential" or 
"power" forms in determining friction factors 
Intrazonal travel time, which is the travel time 
within a zone, can be: 1) direct input in QRS and QRS II, 
or 2) may be calculated based upon travel time of 
surrounding zones using QRS, or 3) calculated based on 
area of the zone and average speed of vehicles on 
intrazonal trips using QRS II. 
Iterzonal travel time, i.e. travel time between 
zones, can be entered directly for each trip interchange in 
QRS. If the travel time data are not available, QRS will 
calculate them given the following data: 
1. Zone type for each zone CBD, CC, or S). 
2. X and Y coordinates for each zone centroid 
measured as airline distance (straight line 
distance) in miles per inch. 
3. Map scale (miles per inch). 
4. Circuity factor to convert airline distance to 
over-the-road distance. 
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5. For each trip interchange the following 
percentages: a) distance in CBD, b) distance 
traveled on arterials, c) distance in CC, d) 
distance traveled on arterials, e) distance in s, 
f) distance travled on arterials. 
QRS II calculates interzonal travel time by adding the 
travel time on links connecting the trip orgin to its 
destination. Travel time on links is determined as a 
function of volume and capacity. If volume and capacity 
are not known, QRS II can determine interzonal trave time 
based on free flow speed alone. 
Traffic Assignment 
The QRS traffic assignment module is basically a book-
keeping function. Trip tables saved in the mode choice 
module are used as input. Any number of trip tables can be 
used as long as the tables are of equal size. Normally, 
trip tables for the three trip purposes are combined to 
make a single assignment of total daily traffic. The user 
needs to provide a list of links connecting every origin-
destination movement. 
QRS II determines the shortest path between any two 
zones making it a simple matter to load vehicle trips onto 
the appropriate links. During path finding, QRS II 
compiles a list of links on the shortest path between all 
pairs of zones. The trips are then loaded after the trip 
distribution model has been performed. 
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ORIGIN ZONE 1 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
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PERCENT DISTANCE TRAVELED 
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ORIGIN ZONE 5 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 


























































































PERCENT DISTANCE TRAVELED 
ON ARTERIALS 

























































































ORIGIN ZONE 8 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 





















































































PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 10 























































































PERCENT DISTANCE TRAVELED 
ON ARTERIALS 

























































































ORIGIN ZONE 13 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 





















































































ORIGIN ZONE 15 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 

















































































ORIGIN ZONE 17 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 18 



















































































PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 20 
















































































ORIGIN ZONE 22 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 23 









































































ORIGIN ZONE 25 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 26 
ORIGIN ZONE 27 



























































ORIGIN ZONE 29 
PERCENT DISTANCE TRAVELED 
ON ARTERIALS 
ORIGIN ZONE 30 
ORIGIN ZONE 31 
ORIGIN ZONE 32 



















PERCENT DISTANCE TRAVELED 
ON ARTERIALS 






LINKS FALLING ON THE SHORTEST 
PATH USED IN QRS 
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155 
FROM TO LINK NUMBER 
--------------------------------------------
1 1 3 
1 2 64 77 78 79 
1 3 23 24 
1 4 23 24 46 81 
1 5 23 24 25 
1 6 23 24 80 
1 7 3 4 
1 8 3 4 84 
1 9 9 10 11 23 24 25 26 121 122 
1 10 3 4 8 85 
1 11 23 24 25 26 
1 12 23 24 25 35 
1 13 23 24 25 47 87 
1 14 23 24 25 87 88 
1 15 23 24 25 35 36 37 38 39 126 127 128 129 130 
131 
1 16 23 24 25 35 36 37 38 39 126 127 128 129 130 
1 17 23 24 25 35 36 37 109 110 111 
1 18 23 24 25 35 36 37 38 
1 19 23 24 25 26 29 30 31 93 
1 20 23 24 25 26 27 
1 21 23 24 25 26 27 28 
1 22 3 4 8 85 91 
1 23 3 4 8 9 10 85 113 
1 24 1 3 4 5 8 85 90 121 
1 25 3 4 8 9 10 11 12 13 85 132 
1 26 3 4 8 9 10 11 33 85 123 124 
1 27 23 24 25 35 36 37 38 39 ·40 135 
1 28 23 24 25 35 36 37 38 39 126 127 128 
1 29 23 24 25 35 36 37 38 39 40 41 42 43 152 153 
1 30 23 24 25 35 36 37 38 39 40 41 42 43 
1 31 23 24 25 35 36 37 38 39 40 41 42 43 56 57 
1 32 3 4 8 9 10 11 12 13 14 15 16 150 
1 33 3 4 5 6 7 85 90 
1 34 1 2 3 4 8 9 10 11 85 121 122 
1 35 23 24 25 35 36 37 38 39 126 127 128 129 130 
131 
1 36 23 24 25 35 36 37 38 39 40 41 42 43 56 57 
1 37 910 11 23 24 25 26 120 121 122 
1 38 23 
1 39 23 37 
1 40 23 
2 2 44 
2 3 44 45 
2 4 44 45 46 
2 5 44 45 80 81 
2 6 44 45 80 81 
• 
156 
FROM TO LINK NUMBER 
--------------------------------------------
2 7 44 45 46 84 85 86 87 
2 8 44 45 46 84 85 86 87 
2 9 44 45 46 47 48 49 50 121 122 123 124 125 126 
2 10 44 45 46 47 90 91 92 93 94 95 
2 11 44 45 46 47 93 94 95 
2 12 44 45 46 47 
2 13 44 45 46 47 
2 14 64 65 66 
2 15 64 65 66 67 68 69 70 130 131 
2 16 64 65 66 67 68 69 70 130 
2 17 64 65 66 67 68 111 112 
2 18 44 45 46 47 48 49 50 
2 19 44 45 46 47 48 49 50 115 116 
2 20 27 28 44 45 46 47 93 94 95 
2 21 24 25 26 27 28 64 78 79 
2 22 44 45 46 47 91 92 93 94 95 
2 23 18 19 20 44 45 46 47 92 93 94 95 113 
2 24 1 44 45 46 47 48 49 50 51 121 122 123 124 125 
126 
2 25 22 44 45 46 47 48 49 50 51 124 125 126 132 
2 26 33 44 45 46 47 48 49 50 51 125 126 
2 27 ' 44 45 46 47 48 49 50 51 52 135 
2 28 44 45 46 47 48 49 50 51 52 
2 29 44 45 46 47 48 49 50 51 52 53 54 55 152 153 
2 30 44 45 46 47 48 49 50 51 52 53 54 55 
2 31 44 45 46 47 48 49 50 51 52 53 54 55 56 57 
2 32 44 45 46 47 48 49 50 51 52 53 54 55 150 151 
2 33 6 7 44 45 46 47 48 49 50 51 122 123 124 125 
126 
2 34 1 2 44 45 46 47 48 49 50 51 121 122 123 124 
125 126 148 
2 35 44 45 46 47 48 49 50 51 127 128 129 130 131 
2 36 44 45 46 47 48 49 50 51 52 53 54 55 56 57 
2 37 44 45 46 47 48 49 50 51 120 121 122 123 124 
125 126 
2 38 23 78 79 
2 39 44 
2 40 23 78 79 
3 3 24 45 
3 4 45 46 
3 5 24 25 
3 6 80 81 
3 7 24 25 84 85 86 
3 8 24 25 84 85 86 
3 9 5 24 25 26 90 91 92 121 
3 10 8 24 25 86 
3 11 24 25 26 
3 12 24 25 26 

































































































45 46 88 
45 46 47 48 49 50 51 127 128 129 130 131 
45 46 47 48 49 50 51 127 128 129 130 
45 46 47 48 49 110 111 
45 46 47 48 49 50 
24 25 35 36 37 38 
24 25 26 27 
24 25 26 27 28 
24 25 26 91 92 
18 19 20 24 25 26 92 
1 45 46 47 48 49 50 51 121 122 123 124 125 126 
27 45 46 47 48 49 50 51 124 125 126 132 
45 46 47 48 49 50 51 52 133 134 135 
45 46 47 48 49 50 51 52 135 
45 46 47 48 49 50 51 52 
45 46 47 48 49 50 51 52 53 54 55 152 153 
45 46 47 48 49 50 51 52 53 54 55 151 
45 46 47 48 49 50 51 52 53 54 55 56 57 
45 46 47 48 49 50 51 52 53 54 55 150 151 
6 7 45 46 47 48 49 50 51 122 123 124 125 126 
1 2 45 46 47 48 49 50 51 121 122 123 124 125 
126 148 
45 46 47 48 49 50 51 127 128 129 130 131 
45 46 47 48 49 50 51 52 53 54 55 56 57 






86 87 88 
46 80 81 
4 46 85 86 87 
46 84 85 86 87 
46 47 89 90 91 92 93 94 95 





46 47 48 49 
46 47 48 49 
46 47 48 49 
46 47 48 49 
46 47 48 49 
27 46 47 93 
27 28 46 47 
46 47 91 92 
18 19 20 46 
50 51 127 





128 129 130 131 






























































1 46 47 48 49 50 51 121 122 123 124 125 126 
22 46 47 48 49 50 51 124 125 126 
33 46 47 48 49 50 51 125 126 
46 47 48 49 50 51 52 53 
46 47 48 49 50 51 52 53 
46 47 48 49 50 51 52 53 54 55 152 153 
46 47 48 49 50 51 52 53 54 55 
46 47 48 49 50 51 52 53 54 55 56 57 
46 47 48 49 50 51 52 53 54 55 150 151 
6 7 46 47 48 49 50 51 122 123 124 125 126 
1 2 46 47 48 49 50 51 121 122 123 124 125 
148 
46 47 48 49 50 51 127 128 129 130 131 
46 47 48 49 50 51 52 53 54 55 56 57 
46 47 89 90 91 92 93 94 95 
23 45 46 78 
44 45 46 
23 45 46 78 
25 80 
80 
84 85 86 
84 85 86 




86 87 88 
86 87 88 
25 35 36 37 38 39 126 127 128 129 130 131 
25 35 36 37 38 39 126 127 128 129 130 
25 35 36 37 109 110 111 
25 35 36 37 38 
25 26 29 30 31 93 
25 26 27 
25 26 27 28 
25 26 91 92 
18 19 20 25 26 92 
1 8 9 10 11 121 122 
8 9 10 113 
18 19 20 25 26 92 113 
25 35 36 37 38 39 40 135 
25 35 36 37 38 39 40 135 
25 35 36 37 38 39 40 41 42 43 152 153 
25 35 36 37 38 39 40 41 42 43 
25 35 36 37 38 39 40 41 42 43 56 57 
8 9 10 11 12 13 14 15 16 17 
8 9 10 11 12 13 14 15 146 
1 2 8 9 10 11 121 122 148 




































































































25 35 36 37 38 39 40 41 42 43 56 57 
8 9 10 11 120 121 122 
23 24 25 
24 25 44 78 
23 24 25 
80 85 
84 85 
8 89 90 
8 9 10 11 121 122 
8 
26 85 86 
25 35 80 
85 86 87 88 
85 86 87 88 
47 48 49 50 51 85 86 87 127 128 129 130 131 
47 48 49 50 51 85 86 87 127 128 129 130 
47 48 49 85 86 87 110 111 
35 36 37 38 85 86 109 
26 29 30 31 85 86 93 
25 26 27 80 
26 27 28 85 86 
8 9 85 
8 9 10 85 107 
1 8 9 10 11 121 122 
8 9 10 11 12 132 
8 9 10 11 33 123 124 
25 35 36 37 38 39 40 80 135 
35 36 37 38 39 85 86 126 127 
8 9 10 11 12 13 14 15 16 150 151 152 153 
8 9 10 11 12 13 14 15 16 150 151 
25 35 36 37 38 39 40 41 42 43 56 57 80 
8 9 10 11 12 13 14 15 16 17 
8 9 10 11 12 13 14 15 146 
2 8 9 10 11 12 13 14 141 142 148 
47 48 49 50 51 85 86 87 127 128 129 130 131 
25 35 36 37 38 39 40 41 42 43 44 45 56 57 80 
8 9 10 11 120 121 122 
23 77 





8 84 85 
26 84 85 86 
84 85 86 87 
84 85 86 87 88 




































































































67 68 69 70 84 85 86 87 88 130 131 
67 68 69 70 84 85 86 87 88 130 
47 48 49 84 85 86 87 110 111 
4 35 36 37 38 85 86 
4 26 29 30 31 85 86 93 
26 27 84 85 86 
26 27 28 84 85 86 
4 8 9 85 
4 8 9 10 107 
1 5 8 85 
8 9 10 11 12 84 85 132 
8 9 10 11 33 84 85 123 124 
4 35 36 37 38 39 40 85 86 
47 48 49 50 51 52 84 85 86 87 
47 48 49 50 51 52 53 54 55 84 85 86 87 152 153 
35 36 37 38 39 40 41 42 43 84 85 86 
3~ 36 37 38 39 40 41 42 43 56 57 84 85 86 
8 9 10 11 12 13 14 15 16 17 84 85 
4 5 6 7 146 
1 2 4 8 9 10 11 121 122 
67 68 69 70 84 85 86 87 88 130 131 
35 36 37 38 39 40 41 42 43 56 57 84 85 86 
5 120 121 
4 23 27 
4 44 77 78 




89 90 91 92 93 
89 90 91 92 93 94 95 
89 90 91 92 93 94 95 96 97 
89 90 91 92 93 94 95 96 97 98 99 
74 89 90 91 92 93 94 95 96 97 98 99 131 
68 69 70 89 90 91 92 93 94 95 96 97 98 130 
58 89 90 91 92 93 94 95 96 111 
36 37 38 89 90 91 92 93 94 
29 30 31 89 90 91 92 93 
27 89 90 91 92 93 
27 28 89 90 91 92 
9 89 90 
9 10 89 90 113 
1 120 
9 10 11 12 13 89 90 
29 30 31 32 33 89 90 91 92 93 
36 37 38 39 40 41 89 90 91 92 93 94 
120 121 122 123 124 125 126 127 128 





































































































5 6 7 8 89 149 150 151 
5 6 7 8 56 57 89 149 150 151 
9 10 11 12 13 14 15 16 17 89 90 
5 6 7 89 146 
1 21 120 148 
74 89 90 91 92 93 94 95 96 97 98 99 131 
5 6 7 8 56 57 89 149 150 151 
120 
23 24 25 84 85 86 
23 24 25 84 85 86 
44 45 46 84 85 86 87 
120 121 
8 9 10 11 121 122 
5 90 91 92 93 
5 90 91 92 93 94 
47 48 49 50 51 121 122 123 124 125 126 
67 68 69 70 121 122 123 124 125 126 127 128 129 
121 122 123 124 125 126 127 128 129 130 131 
121 122 123 124 125 126 127 128 129 130 
59 60 121 122 123 124 125 126 127 
39 116 121 122 123 124 125 
32 121 122 123 124 125 
27 101 102 103 121 122 
28 101 102 103 121 122 
9 10 11 121 122 
11 113 121 122 
1 
12 121 122 132 
33 121 122 123 124 
40 41 121 122 123 124 125 
121 122 123 124 125 126 127 128 
52 53 54 55 121 122 123 124 125 126 152 153 
6 7 8 149 150 151 
40 41 42 43 56 57 121 122 123 124 125 
12 13 14 15 16 17 121 122 
5 6 7 
1 2 148 
121 122 123 124 125 126 127 128 129 130 131 
52 53 54 55 56 57 121 122 123 124 125 126 
120 
8 9 10 11 23 24 25 86 121 122 
8 9 10 11 44 45 46 86 87 121 122 
8 9 10 11 23 24 25 86 121 122 
8 90 
90 91 92 93 
90 91 92 93 94 95 
8 91 92 93 94 95 96 97 





















































74 90 91 92 93 94 95 96 97 98 99 131 
68 69 70 90 91 92 93 94 95 96 97 98 130 
58 90 91 92 93 94 95 96 111 
36 37 38 90 91 92 93 94 116 
29 30 31 90 91 92 93 
27 90 91 92 
27 28 91 92 
8 9 
8 9 107 
1 8 9 10 11 121 122 
8 9 10 11 12 132 
9 10 11 33 123 124 
8 9 10 11 40 123 124 125 135 
48 49 50 51 52 90 91 92 93 94 95 
8 9 10 11 12 13 14 15 16 149 150 151 152 153 
8 9 10 11 12 13 14 15 16 149 150 151 
36 37 38 39 40 41 42 43 56 57 90 91 92 93 94 
8 9 10 11 12 13 14 15 16 17 
5 6 7 
1 2 121 122 
74 90 91 92 93 94 95 96 97 98 99 131 
36 37 38 39 40 41 42 43 56 57 90 91 92 93 94 
9 10 11 120 121 122 
8 23 24 25 86 
8 44 45 46 86 87 





96 97 98 99 131 
93 94 95 
67 93 94 
35 74 95 
35 36 37 
35 36 37 
35 36 37 
29 30 31 
38 39 126 127 128 129 130 
109 110 111 
26 27 
26 27 28 
91 92 93 
38 116 
18 19 20 26 82 113 
1 5 90 91 92 93 121 
18 19 20 21 22 26 92 
29 30 31 32 33 
132 
35 36 37 38 39 40 
35 36 37 38 39 40 
35 36 37 38 39 40 
35 36 37 38 39 40 
35 36 37 38 39 40 
35 36 37 38 39 40 







43 152 153 
43 
43 56 57 




































































































1 2 5 90 91 92 93 121 122 148 
35 74 95 96 97 98 99 131 
35 36 37 38 39 40 41 42 43 56 57 
5 90 91 92 93 120 121 
23 24 25 26 
25 35 44 45 81 




47 48 49 50 51 127 128 129 130 131 
47 48 49 50 51 127 128 129 130 
47 48 49 110 111 
47 48 49 50 
35 36 37 38 
27 93 94 95 
27 28 93 94 95 
91 92 93 94 95 
35 36 37 38 39 123 124 125 
1 35 36 37 38 39 121 122 123 124 125 
35 36 37 38 39 40 132 133 134 
29 30 31 32 J3 35 94 
35 36 37 38 39 40 135 
35 36 37 38 39 40 41 138 139 
35 36 37 38 39 40 41 42 152 153 
35 36 37 38 39 40 41 42 43 
35 36 37 38 39 40 41 42 43 56 57 
9 10 11 12 13 14 15 16 17 91 92 93 94 95 
5 6 7 90 91 92 93 94 95 
1 2 5 90 91 92 93 94 95 121 148 
47 48 49 50 51 52 127 128 129 130 131 
35 36 37 38 39 40 41 42 43 56 57 
9 10 11 91 92 93 94 95 120 121 
23 24 25 35 
44 45 46 47 
23 24 25 35 
47 
88 
67 68 69 70 130 131 
67 68 69 70 130 
47 48 49 110 111 
47 48 49 50 116 
47 48 49 50 115 116 
27 93 94 95 96 97 
27 28 93 94 95 96 97 
91 92 93 94 95 96 97 
47 48 49 108 109 113 114 

































































47 48 49 50 51 52 132 133 134 135 
33 47 48 49 50 51 125 126 
47 48 49 50 51 52 53 
47 48 49 50 51 52 
47 48 49 50 51 52 53 54 55 152 153 
47 48 49 50 51 52 53 54 55 
67 68 69 70 130 131 
9 10 11 12 13 14 15 16 17 91 92 93 94 95 96 97 
5 6 7 90 91 92 93 94 95 96 97 
1 2 47 48 49 50 51 121 122 123 124 125 126 148 
67 68 69 70 130 131 
47 48 49 50 51 52 53 54 55 56 57 
5 90 91 92 93 94 95 96 97 120 121 
23 24 25 87 88 
44 45 46 47 
23 24 25 87 88 
74 131 
74 130 
61 98 99 111 
48 49 50 96 97 98 99 
36 37 38 95 96 97 98 99 
27 93 94 95 96 97 98 99 
27 28 93 94 95 96 97 98 99 
91 92 93 94 95 96 97 98 99 
18 19 20 92 93 94 95 96 97 98 99 113 
1 67 68 69 70 121 122 123 124 125 126 127 128 
129 
67 68 69 70 71 136 137 138 139 
29 30 31 32 33 94 95 96 97 98 99 
52 67 68 69 70 127 128 129 130 135 
67 68 69 70 71 139 
55 67 68 69 70 71 72 144 152 153 
48 49 50 51 52 53 54 55 96 97 98 99 
48 49 50 51 52 53 54 55 56 57 96 97 98 99 
55 67 68 69 70 71 72 144 150 150 
5 6 7 90 91 92 93 94 95 96 97 98 99 
1 2 67 68 69 70 121 122 123 124 125 126 127 128 
129 148 
74 131 
48 49 50 51 52 53 54 55 56 57 96 97 98 99 
67 68 69 70 120 121 122 123 124 125 126 127 128 
129 
23 24 66 81 82 
64 65 66 
23 24 66 81 82 
131 
130 131 


































































































51 116 127 128 129 130 131 
31 32 125 126 127 128 129 130 131 
27 74 93 94 95 96 97 98 99 131 
27 28 74 93 94 95 96 97 98 99 131 
9 10 11 123 124 125 126 127 128 129 130 131 
21 113 124 125 126 127 128 129 130 131 
1 121 122 123 124 125 126 127 128 129 130 131 
22 124 125 126 127 128 129 130 131 132 
33 125 126 127 128 129 130 131 
52 127 128 129 130 131 135 
128 129 130 131 
52 53 54 55 127 128 129 130 131 152 153 
52 53 54 55 127 128 129 130 131 
52 53 54 55 56 57 127 128 129 130 131 
52 53 54 55 127 128 129 130 131 150 151 
6 7 122 123 124 125 126 127 128 129 130 131 
1 2 121 122 123 124 125 126 127 128 129 130 131 
148 
131 
52 53 54 55 
120 121 122 
23 24 25 35 
44 45 46 47 
23 24 25 35 
130 
56 57 127 128 129 130 131 
123 124 125 126 127 128 129 
36 37 38 39 126 127 128 129 
48 49 50 51 127 128 129 130 
36 37 38 39 126 127 128 129 
62 111 129 130 
51 116 127 128 129 130 
31 32 126 127 128 129 130 
27 68 69 70 93 94 95 96 97 98 
27 28 68 69 70 93 94 95 96 97 98 
9 10 11 123 124 125 126 127 128 129 130 





1 121 122 123 124 125 126 127 128 129 130 
22 124 125 126 127 128 129 130 132 
33 125 126 127 128 129 130 
52 127 128 129 130 135 
128 129 130 
52 53 54 55 127 128 129 130 152 153 
52 53 54 55 127 128 129 130 
52 53 54 55 127 128 129 130 
12 13 14 15 16 17 123 124 125 126 127 128 129 
130 
6 7 122 123 124 125 126 127 128 129 130 
1 2 121 122 123 124 125 126 127 128 129 130 148 
130 131 
52 53 54 55 56 57 127 128 129 130 
120 121 122 123 124 125 126 127 128 129 130 
23 24 25 35 36 37 38 39 126 127 128 129 130 




































































































23 24 25 35 36 37 38 39 126 127 128 129 130 
59 62 111 118 
109 110 111 
31 108 109 110 111 
27 58 93 94 95 96 111 
27 28 58 93 94 95 96 111 
58 91 92 93 94 95 96 111 
108 109 110 111 113 114 
1 59 60 121 122 123 124 125 126 127 
32 33 115 116 117 118 132 133 
31 32 33 108 109 110 111 
50 51 52 110 111 135 
62 63 111 
50 51 52 53 54 55 110 111 152 153 
50 51 52 53 54 55 110 111 
51 52 53 54 55 56 57 117 118 
51 52 53 54 55 56 57 117 118 150 151 
6 7 59 60 122 123 124 125 126 127 
1 2 59 60 111 121 122 123 124 125 126 127 
62 63 130 131 
51 52 53 54 55 56 57 117 118 
59 60 120 121 122 123124 125 126 127 
23 24 25 35 36 37 109 110 111 
44 45 46 47 48 49 110 111 
23 24 25 35 36 37 109 110 111 
38 116 
115 116 
37 38 104 105 
28 37 38 104 105 
37 38 102 103 104 105 
108 109 113 114 
1 39 116 121 122 123 124 125 
38 39 40 132 133 134 
33 39 40 
39 40 41 
50 51 52 
50 51 52 53 54 55 152 153 
50 51 52 53 54 55 
50 51 52 53 54 55 56 57 
12 13 14 15 16 17 39 123 124 125 
6 7 121 122 123 124 125 126 
1 2 38 39 121 122 123 124 125 
50 51 127 128 129 130 131 
50 51 52 53 54 55 56 57 
39 116 120 121 122 123 124 125 
23 24 25 35 36 37 38 
44 45 46 47 48 49 50 




































































































27 30 31 104 
28 30 31 104 
102 103 104 105 
31 113 114 
LINK NUMBER 
1 32 121 122 123 124 
21 22 114 132 
31 32 33 
38 39 40 41 
31 32 33 134 135 
39 40 41 42 43 115 152 153 
38 39 40 41 42 43 
38 39 40 41 42 43 56 57 
39 40 41 42 43 150 151 
6 7 122 123 124 
1 2 32 121 122 123 124 148 
32 125 126 127 128 129 130 131 
38 39 40 41 42 43 56 57 
32 120 121 122 123 124 
23 24 25 35 36 37 38 
36 37 38 44 45 46 47 95 




19 20 103 113 
1 10 11 101 102 103 121 122 
19 20 21 22 27 103 132 
27 30 31 32 33 104 
37 38 39 40 104 105 135 
27 49 50 51 52 104 105 106 
49 50 51 52 53 54 55 104 105 106 152 153 
27 37 38 39 40 41 42 43 104 105 
27 37 38 39 40 41 42 43 56 57 104 105 
10 11 12 13 14 15 16 17 101 102 103 
10 11 12 13 14 15 27 101 102 103 146 
1 2 9 10 27 101 102 103 121 122 148 
27 49 50 51 103 104 105 106 130 131 
27 37 38 39 40 41 42 43 56 57 104 105 
10 11 27 101 102 103 120 121 122 
23 24 25 26 27 
44 45 46 47 93 94 95 
23 24 25 26 27 
19 28 
28 102 103 
19 20 113 
1 19 20 21 121 122 123 


































































































19 20 21 22 133 
19 20 21 22 133 134 135 
28 49 so 51 52 104 105 106 
38 39 40 41 42 43 108 152 153 
28 37 38 39 40 41 42 43 104 105 
20 21 52 53 54 55 56 57 124 125 126 
13 14 15 16 17 19 20 21 22 132 
6 7 9 10 28 101 102 103 
1 2 9 10 28 101 102 103 121 122 
49 50 51 104 105 106 127 128 129 130 131 
20 21 52 53 54 55 56 57 124 125 126 
10 11 107 120 121 122 
23 24 25 26 27 28 
28 44 45 46 47 48 104 105 106 
23 24 25 26 27 28 
101 102 
107 110 
1 10 11 101 121 122 
10 11 12 101 132 
30 31 32 33 102 103 104 
37 38 39 40 41 102 102 103 105 
49 50 51 52 53 102 103 104 105 106 
37 38 39 40 41 42 43 102 103 104 lOS 152 153 
37 38 39 40 41 42 43 102 103 104 lOS 
49 50 51 52 53 54 55 56 57 102 103 104 lOS 106 
9 10 11 12 13 14 15 16 17 
10 11 12 13 14 15 101 146 
1 2 10 11 101 121 122 148 
49 50 51 102 103 104 lOS 106 127 128 129 130 
131 
49 so 51 52 53 54 55 56 57 102 103 104 105 106 
10 11 101 120 121 122 
23 24 25 26 27 102 103 
44 45 46 47 48 102 103 104 105 106 
23 24 25 26 27 102 103 
20 107 113 
1 11 113 121 122 
20 21 22 
20 21 22 133 
20 21 40 124 125 135 
21 113 124 125 126 127 128 
52 53 54 55 123 124 125 126 152 153 
21 40 41 42 43 44 113 
21 52 53 54 55 56 57 113 124 125 126 
10 11 12 13 14 15 16 17 
10 11 12 13 14 15 146 
1 2 20 21 121 122 123 148 























































21 52 53 54 55 56 57 113 124 125 126 
20 21 120 121 122 123 
18 19 23 24 25 26 92 107 
19 20 44 45 46 47 48 103 104 105 106 
18 19 20 23 24 25 26 92 
1 
1 12 13 121 122 
1 33 121 122 123 124 
1 40 41 121 122 123 124 125 
1 121 122 123 124 125 126 127 128 
1 15 16 141 142 150 151 152 153 
1 7 8 141 149 150 151 
1 7 8 56 57 141 149 150 151 
1 15 16 17 141 142 
7 141 
1 2 148 
1 121 122 123 124 125 126 127 128 129 130 131 
1 7 8 56 57 141 149 150 151 
1 120 
1 23 24 25 35 36 37 38 39 121 122 123 124 125 
1 44 45 46 47 48 49 so 51 121 122 123 124 125 
126 
1 23 24 25 35 36 37 38 39 121 122 123 124 125 
132 136 
132 133 
132 133 134 135 
136 137 138 139 
54 55 136 137 138 152 153 
42 43 136 137 
42 43 56 57 136 137 
13 14 15 16 17 
13 14 15 146 
2 14 141 142 148 
71 130 131 136 137 138 139 
54 55 56 57 136 137 138 
12 120 121 122 132 
18 19 2U 21 22 23 24 25 26 92 132 
44 45 46 47 48 49 50 51 52 132 133 134 135 




34 42 43 137 152 153 
41 42 43 134 
41 42 43 56 57 134 
13 14 15 16 17 132 133 


















































32 13 14 132 133 141 142 
52 127 128 129 130 131 134 135 
41 42 43 56 57 134 
33 120 121 122 123 124 
23 24 25 35 36 37 38 39 40 134 
44 45 46 47 48 49 50 51 52 134 135 
23 24 25 35 36 37 38 39 40 134 
135 138 
135 
53 54 55 152 153 
41 42 43 
53 54 55 56 57 
41 42 43 150 151 
7 14 136 137 138 142 
2 13 14 132 133 134 135 141 142 
52 53 127 128 129 130 131 
53 54 55 56 57 
40 41 120 121 122 123 124 125 
23 24 25 35 36 31 38 39 40 135 
44 45 46 47 48 49 50 51 52 53 
23 24 25 35 36 37 38 39 40 135 
139 
53 54 55 152 153 
53 54 55 
53 54 55 56 57 
53 54 55 56 150 151 
7 14 136 137 138 139 142 
2 14 136 137 138 139 141 142 148 
71 130 131 
53 54 55 56 57 
52 120 121 122 123 124 125 126 
23 24 25 47 48 49 50 51 52 87 
44 45 46 47 48 49 50 51 52 
23 24 46 47 48 49 50 51 52 81 
153 
151 152 153 
56 57 152 153 
150 151 152 153 
8 149 150 151 152 153 
148 149 
52 53 54 55 127 128 129 130 131 152 153 
56 57 152 153 
6 7 8 120 121 149 150 151 152 153 
23 24 25 35 36 37 38 39 40 41 42 43 152 153 
44 45 46 47 48 49 50 51 52 53 54 55 152 153 
































































































7 8 149 150 151 
LINK NUMBER 
2 7 8 148 149 150 151 
52 53 54 55 127 128 129 130 131 
56 57 
40 41 42 43 120 121 122 123 124 125 
23 24 25 35 36 37 38 39 40 41 42 43 
44 45 46 47 48 49 50 51 52 53 54 55 
23 24 25 35 36 37 38 39 40 41 42 43 
57 
56 57 150 151 
43 56 57 146 147 
56 57 148 149 150 151 
52 53 54 55 56 57 127 128 129 130 131 
57 
53 54 55 56 57 120 121 122 123 124 125 126 
23 24 25 35 36 37 38 39 40 41 42 43 56 57 
44 45 46 47 48 49 50 51 52 53 54 55 56 57 
23 24 25 35 36 37 38 39 40 41 42 43 56 57 
150 
8 149 150 
2 15 16 17 141 142 
52 53 54 55 127 128 129 130 131 150 151 
56 57 150 151 
12 13 14 15 16 17 120 121 122 
8 9 10 11 12 13 14 15 16 23 24 25 86 
44 45 46 47 48 49 50 51 52 53 54 55 150 151 
8 9 10 11 12 13 14 15 16 17 23 24 25 86 
7 8 146 
2 7 141 148 
43 56 57 146 147 
4 6 122 123 124 125 126 127 128 129 130 131 
6 7 120 121 
5 6 7 23 24 25 26 90 91 92 
6 7 44 45 46 47 48 49 50 51 122 123 124 125 126 
5 6 7 23 24 25 26 90 91 92 
148 
15 16 56 57 141 142 150 151 
1 2 121 122 123 124 125 126 127 128 129 130 131 
1 20 120 
1 2 23 24 25 35 36 37 38 39 121 122 123 124 125 
1 2 44 45 46 47 48 49 50 51 121 122 123 124 125 
126 
1 2 23 24 25 35 36 37 38 39 121 122 123 124 125 
171 
172 
FROM TO LINK NUMBER 
--------------------------------------------
35 36 52 53 54 55 56 57 127 128 129 130 131 
35 37 120 121 122 123 124 125 126 127 128 129 130 131 
35 38 23 24 25 35 36 37 38 39 126 127 128 129 130 131 
35 39 44 45 46 47 48 49 50 51 127 128 129 130 131 
35 40 23 24 25 35 36 37 38 39 126 127 128 129 130 131 
36 37 52 53 54 55 56 57 120 121 122 123 124 125 126 
36 38 23 24 25 35 36 37 38 39 40 41 42 43 56 57 
36 39 44 45 46 47 48 50 51 52 53 54 55 56 57 
36 40 23 24 25 35 36 37 38 39 40 41 42 43 56 57 
37 38 10 11 23 24 25 26 27 101 102 103 120 121 122 
37 39 44 45 46 47 48 49 50 51 120 121 122 123 124 125 
126 
37 40 10 11 23 24 25 26 27 101 102 103 120 121 122 
38 39 44 
38 40 23 24 
39 40 23 
APPENDIX D 
TRIP DISTRIBUTION MATRIX FOR QRS 
173 
174 
HllW TRIP DISTRI.IlJTitw F(Jl TI£ YEAR 2010 
(Jl!GIN ZIJE 
!EST ZOI£ 0 2 3 5 0 8 9 
00 2 1 9 7 2 1 0 0 
10 0 2 4 2 0 1 0 4 1 1 
20 0 8 1 1 7 2 2 1 1 0 
30 0 0 1 2 0 1 1 0 
40 0 
(J!IGDI ZIJE 2 
!EST ZIJE 0 2 3 4 5 0 7 9 9 
00 7 4 54 37 1 8 1 0 2 
10 1 7 22 9 1 1 2 20 7 5 
20 0 41 1 6 27 12 0 7 3 0 
30 2 1 1 7 4 0 5 3 0 
40 
(Jl!GIN ZIJE 3 
!EST ZIJE 0 2 3 4 5 6 7 8 9 
00 13 8 102 82 2 17 3 0 3 
10 5 14 49 21 3 2 4 43 16 11 
20 0 82 2 12 :5:1 24 12 17 4 1 
30 5 1 3 16 . 8 10 10 4 
40 
(J!IGIN ZCI£ 4 
lEST ZIJE 0 2 3 4 5 0 7 8 9 
00 10 7 90 78 2 14 2 0 2 
10 4 14 50 22 3 2 4 45 15 11 
20 0 85 2 12 52 23 12 16 4 
30 5 1 3 14 1 9 8 9 3 
40 1 
a!IGIN ZIJE 5 
!EST ZIIE 0 2 3 4 5 6 7 8 9 
00 20 9 143 114 4 32 4 1 4 
10 a 24 79 33 4 3 7 73 25 19 
20 0 145 5 19 95 42 21 27 8 1 
30 8 2 6 28 2 12 13 15 6 1 
40 2 
175 
OOIGIN ZIH 6 
lEST ZIH 0 2 3 5 7 8 9 
00 1 0 5 3 0 1 0 0 
10 0 1 2 1 0 0 0 3 0 
20 0 4 1 0 3 1 1 1 0 
30 0 0 1 0 0 1 0 1 0 0 
40 0 
OOIGIN ZIH 7 
lEST ZIK 0 2 3 4 5 6 7 8 9 
00 6 2 35 24 8 1 1 
10 2 6 18 7 1 I 1 16 6 4 
20 0 35 2 5 30 10 5 7 2 0 
30 2 1 7 1 3 4 3 2 1 
40 0 
OOIGIN ZIK 8 
lEST ZIK 0 2 3 4 5 6 7 8 9 
00 1 0 3 2 0 1 0 0 1 
10 0 0 2 1 0 0 0 2 1 0 
20 0 4 0 0 4 2 0 1 0 0 
30 0 0 1 1 0 0 0 1 0 0 
40 0 
OOIGIN ZIK 9 
lEST ZIK 0 2 3 4 5 6 7 8 9 
00 0 5 4 0 2 0 0 0 
10 1 1 2 2 0 0 0 3 1 1 
20 0 7 0 1 7 2 1 0 0 
30 1 0 0 2 0 0 1 0 0 
40 0 
OOIGIN ZIK 10 
lEST ZIK 0 2 3 4 5 6 7 8 9 
00 14 7 100 80 2 2:5 3 1 5 
10 8 18 62 24 3 3 4 55 21 16 
20 0 140 5 19 89 39 18 24 6 2 
30 7 2 5 24 2 9 11 11 5 
40 1 
OOIGIN ZIK 11 
lEST ZIK 0 2 3 4 5 6 7 8 9 
00 5 4 45 40 9 2 0 1 
10 3 10 37 13 2 2 29 12 8 
20 0 65 2 9 36 16 9 11 3 I 
30 3 1 2 9 1 4 5 5 2 0 
40 
176 
I)IIGIN Z()£ 12 
!ESTZCI£ 0 2 3 4 5 0 8 9 
00 8 5 69 04 1 13 2 2 
10 4 1o 48 21 2 2 4 42 1o 12 
20 0 87 2 11 45 23 12 16 5 1 
30 4 1 3 13 0 6 8 3 0 
40 1 
I)IIGIN ZCI£ 13 
DEST ZCI£ 0 2 3 4 5 6 7 8 9 
00 32 18 260 240 5 47 6 2 8 
10 12 51 181 80 10 7 15 188 61 41 
20 0 301 9 40 153 82 43 61 18 3 
30 18 4 10 49 4 24 24 29 11 2 
40 3 
I)IIGIN ZCI£ 14 
DEST ZCI£ 0 2 3 4 5 6 7 8 9 
00 6 4 48 43 1 8 2 0 1 
10 2 8 29 14 2 2 3 33 10 7 
20 0 50 1 7 28 14 8 10 3 1 
30 3 2 8 1 6 5 8 2 0 
40 1 
I)IIGIN ZCI£ 15 
lEST ZCI£ 0 2 3 4 5 6 8 9 
00 2 1 11 12 0 2 1 0 0 
10 1 2 7 4 1 0 1 10 3 2 
20 0 14 0 2 8 4 2 4 1 0 
30 1 1 0 3 0 2 1 2 1 0 
40 0 
I)IIGIN ZCI£ 16 
DEST ZIIE 0 2 3 4 5 0 7 8 9 
00 12 7 86 82 2 11> 2 1 3 
10 4 18 00 27 5 4 8 71> 23 16 
20 0 111 3 14 02 32 18 27 9 2 
30 8 2 5 21 1 12 10 12 5 1 
40 1 
I)IIGIN ZIJE 17 
lEST ZIJE 0 2 3 5 0 8 9 
00 25 14 199 184 5 38 5 1 7 
10 11 42 137 71 9 7 15 108 59 42 
20 0 292 8 38 145 n 44 03 20 4 
30 18 10 44 3 22 20 25 10 2 
40 
177 
ll!IGIN ZCH! IS 
I:ESTZCH! 0 2 3 4 5 0 7 9 
00 4 3 38 32 I 7 I 
10 2 8 28 12 1 I 3 30 11 
20 0 58 1 8 28 16 9 12 4 
30 3 1 2 9 0 5 I 
40 0 
ll!IGIN Ztf£ 19 
rEST ZIJ£ 0 2 3 4 5 0 7 8 9 
00 15 9 114 100 3 23 3 I s 
10 7 28 86 34 5 3 8 96 38 26 
20 0 183 5 25 95 54 31 39 11 2 
30 10 3 6 30 2 II 12 13 6 I 
40 1 
lliiGIN Ztf£ 20 
!EST Ztf£ 0 2 3 4 5 0 7 8 9 
00 3 2 23 21 1 5 0 0 :z 
10 1 6 18 7 1 0 2 16 6 5 
20 0 39 1 5 20 10 5 7 I I 
30 2 0 1 6 0 3 2 2 2 0 
40 0 
tRIGIN Za£ 21 
D£ST Ztf£ 0 2 3 4 5 6 7 8 9 
00 49 29 369 344 9 78 11 2 17 
10 27 92 277 112 13 11 22 288 110 79 
20 0 648 19 82 327 175 90 117 32 0 
30 34 7 22 96 7 38 40 46 17 3 
40 5 
IJIIGIN Za£ 22 
!EST Ztf£ 0 2 3 4 5 6 7 8 9 
00 9 4 60 55 2 13 2 I 3 
10 4 14 41 16 2 2 3 40 15 12 
20 -0 95 3 13 53 26 14 16 4 I 
30 5 4 15 2 5 6 7 3 0 
40 I 
IJIIGIN Ztf£ 23 
!EST Ztf£ 0 2 3 4 5 7 8 9 
00 19 11 142 125 3 28 5 I 6 
10 II 32 98 40 6 3 8 102 39 30 
20 0 226 7 32 132 73 35 '41 II 2 
30 13 3 9 38 3 15 14 16 7 1 
40 2 
178 
Cll!G!N ZtlE 24 
lEST Zll£ 0 2 3 4 ~ 7 9 9 
00 14 7 82 71 2 17 3 I 0 
10 0 17 47 19 3 2 4 47 18 14 
20 0 109 4 16 120 41 17 22 0 I 
30 8 2 6 34 2 9 9 11 4 1 
40 
tfiiGIN ZllE ~ 
lEST Zll£ 0 2 3 4 ~ 6 7 8 9 
00 20 10 140 119 3 27 4 I 7 
10 10 29 92 38 4 4 8 95 38 30 
20 0 219 7 33 I~ 77 30 47 13 3 
30 14 4 9 46 4 IS 14 17 7 1 
40 2 
tfiiG!N ZllE 26 
lEST ZOE 0 2 3 4 5 6 7 8 9 
00 6 4 47 42 1 10 I I 2 
10 3 11 ~ 14 2 I 3 40 IS 12 
20 0 90 2 12 44 26 13 19 ~ I 
30 5 2 3 IS I 6 5 7 2 0 
40 I 
tfiiGIN ItrE 27 
lEST ZllE 0 2 3 4 5 0 7 8 9 
00 3 2 26 21 I 4 I 0 
10 2 5 18 7 I 1 2 21 8 6 
20 0 40 1 5 23 12 8 10 3 I 
30 3 0 2 7 0 3 3 3 I 
40 0 
ll!IGIN Zll£ 28 
lEST Zll£ 0 2 3 4 5 6 7 8 9 
00 9 4 60 57 2 11 2 0 3 
10 3 14 44 19 2 3 5 57 20 14 
20 0 92 2 13 53 30 18 ~ 7 2 
30 7 I 4 IS I 7 7 8 4 0 
40 
tfi!GIN Zll£ '1!1 
lEST ZCJE 0 2 3 4 ~ 6 7 8 9 
00 I I 7 6 0 I I 0 0 
10 0 2 ~ 2 I 0 I 0 2 I 
20 0 11 0 I 7 4 2 2 I 0 
30 I 0 2 0 I I I) 
40 0 
179 
CRIGIN Z(J£ :lO 
lEST Z(J£ 0 2 3 4 5 0 7 9 
00 9 4 00 52 1 12 1 1 3 
10 3 13 3'9 18 2 3 4 49 17 13 
20 0 92 3 12 04 31 1o 24 7 I 
30 10 2 5 19 I 8 7 9 4 0 
40 I 
CRIGIN Z(J£ 31 
lEST Z(J£ 0 2 3 4 5 0 7 8 9 
00 I I 7 7 0 2 0 0 0 
10 1 2 4 3 0 0 I 0 2 2 
20 0 12 0 2 9 2 3 I 0 
30 1 0 I 3 0 1 1 I 0 
40 0 
CRIGIN Z(J£ 32 
lEST Z(J£ 0 2 3 4 5 6 7 8 9 
00 12 5 7:1 04 2 14 3 0 4 
10 5 16 47 20 3 3 5 54 21 15 
20 0 115 3 17 89 3'9 20 26 7 
30 10 3 6 30 2 9 9 10 4 
40 1 
CRIGIN Z(J£ 33 
lEST Z(J£ 0 2 3 4 5 0 7 8 9 
00 14 7 88 73 2 18 3 1 6 
10 0 17 53 23 3 2 5 55 22 16 
20 0 123 4 18 129 47 20 25 7 2 
30 8 3 7 36 3 9 11 11 5 
40 1 
CRIGIN Z(J£ 34 
lEST Z(J£ 0 2 3 4 5 0 7 8 9 
00 I 1 7 5 0 1 1 0 0 
10 I I 4 I 0 1 0 4 1 I 
20 0 8 I 10 3 1 2 1 0 
30 0 0 3 0 I 0 1 0 
40 0 
CRIGIN Z(J£ 35 
lEST Z(J£ 0 2 3 4 5 6 8 9 
00 5 3 33 27 1 0 I 0 1 
10 2 5 18 9 I 2 2 19 7 5 
20 0 35 1 5 24 II 0 8 2 1 
:lO 3 0 2 7 0 54 5 14 2 0 
40 
lt;U 
Cf!IGIN Zlll£ 30 
lEST Zll£ 0 2 3 4 5 b 7 8 9 
00 7 4 38 29 0 7 1 0 2 
10 2 ~ 18 s I I 2 17 7 4 
20 0 ~ 1 ~ 24 11 s 7 2 0 
30 3 0 2 7 0 5 ~ 7 7 I 
40 2 
Cf!JGIN Zll£ 37 
!EST ZOIE 0 2 3 ~ b 7 8 9 
00 I> 3 42 33 I 7 I 0 2 
10 2 I> 22 9 2 2 2 22 9 5 
20 0 41 1 I> 29 12 I> 10 2 I 
30 3 I 2 8 1 13 I> 79 3 0 
40 I 
llUGJN Zll£ 38 
!EST Zll£ 0 2 3 4 !5 0 7 8 9 
00 4 1 18 13 0 4 0 0 I 
10 1 2 9 3 1 0 1 8 3 2 
20 0 II> 0 2 12 5 2 3 1 1 
30 I 0 3 0 2 7 3 13 0 
40 I 
Cf!IGIN Zll£ 39 
lEST Zll£ 0 2 3 4 5 0 7 9 
00 I 0 3 2 0 0 0 0 
10 0 I 1 I 0 0 0 1 1 0 
20 0 3 0 0 2 1 0 I 0 0 
30 0 0 0 0 1 0 0 1 
40 0 
Cf!JGIN Zll£ 40 
!EST ZOI£ 0 2 3 4 ~ 6 8 9 
00 I 0 5 3 I 0 I 0 0 
10 0 1 2 1 0 0 0 2 I 1 
20 0 4 0 I 3 I 1 0 0 
30 0 0 1 0 0 2 1 1 0 
40 
181 
HI!NII TRIP DISTRIBUTI()j FCR Tl£ ruR 2010 
CJIIGIN Zil£ 1 
!EST Zll£ 0 2 3 4 s 0 7 8 9 
00 31 lS 26 17 IS 4 8 0 0 
10 11 0 2:5 Z1 0 3 10 3S 16 20 
20 1 12 7 12 21 26 16 17 10 
30 9 2 10 1/o 2 0 10 7 6 
40 2 
CJIIGIN ZIIE 2 
!EST Zil£ 0 2 3 s 6 7 8 9 
00 98 79 180 106 04 IS 21 2 19 
10 44 36 138 136 3S 16 S2 176 94 98 
20 8 67 32 04 84 123 80 91 46 5 
30 42 7 40 60 7 30 41 '$1 22 5 
40 7 
CJIIGIN Zll£ 3 
lEST Zll£ 0 2 3 4 s 7 8 9 
00 162 1111 319 242 1S2 38 :so 4 41 
10 IO.C 81 307 330 66 27 105 391 211 20S 
20 17 130 61 12:5 160 2:50 163 196 93 11 
30 92 14 82 127 15 S2 63 02 34 8 
40 10 
CJIIGIN Zll£ 4 
lEST ZIIE 0 2 3 4 s 0 8 9 
00 117 106 271 236 171 26 '$1 2 33 
10 90 84 339 364 66 32 112 418 193 201 
20 17 140 OS 122 154 233 162 183 99 10 
30 90 14 90 115 13 46 48 55 26 b 
40 8 
CJIIGIN Zll£ 5 
!EST Zll£ 0 2 3 4 5 6 7 8 9 
00 236 154 405 308 290 73 86 5 OS 
!0 203 144 :!08 480 90 42 !90 OS7 330 344 
20 33 238 126 210 ~ 424 300 312 159 IS 
30 144 26 146 246 26 70 83 86 44 9 
40 14 
182 
Cfi!G!N ZOI£ 6 
!EST ZCWE 0 2 3 s 6 9 
00 9 ~ 13 a 10 2 4 0 3 
10 8 4 15 14 3 1 5 19 10 11 
20 1 7 4 0 9 12 9 a 5 0 
30 5 0 4 7 2 3 3 1 1 
40 0 
Cfi!GIN ZCWE 
lEST ZCWE 0 2 3 4 5 6 7 a 9 
00 83 35 92 60 60 19 34 2 27 
10 02 31 108 99 20 11 36 138 74 83 
20 7 58 29 55 101 111 n 76 30 4 
30 37 7 39 69 9 19 24 23 13 3 
40 4 
OOIGIN ZCH! 
lEST ZIJE 0 2 3 4 5 6 7 a 9 
00 7 4 8 5 5 2 3 I 4 
10 6 3 10 11 2 1 4 13 a 8 
20 1 6 3 7 13 14 9 8 4 0 
30 5 4 9 1 2 3 2 I 
40 0 
OOIGIN ZtrE 9 
!EST ZtrE 0 2 3 4 5 6 7 8 9 
00 11 0 13 9 8 3 4 1 6 
10 10 5 17 15 3 2 6 25 13 IS 
20 2 11 6 10 28 23 13 IS 7 0 
30 8 2 9 17 2 3 3 4 2 0 
40 I 
OOIGIN ZONE 10 
1ST ZIJE 0 2 3 4 5 6 7 8 
00 106 96 252 192 184 53 82 5 73 
10 2Z2 105 m 340 59 31 119 473 255 311 
20 27 257 137 246 276 414 271 277 133 15 
30 147 25 131 218 23 55 63 64 34 7 
40 10 
OOIGIN ZIJE 11 
lEST ZCH! 0 2 3 4 . ~ 6 7 a 9 
00 54 43 108 101 73 16 23 2 21 
10 59 62 270 205 31 15 63 207 153 183 
20 14 117 47 97 103 163 122 129 66 6 
30 58 9 57 74 7 ::s ::s 29 13 3 
40 
183 
a!IGIN ZOt£ 12 
~STZOt£ 0 2 3 4 5 8 9 
00 84 69 171 169 105 24 33 2 28 
10 86 112 318 342 49 24 99 388 224 232 
20 21 148 60 124 119 219 177 187 96 10 
30 ~ 13 69 100 II 35 35 41 IS 4 
40 6 
OOIGIN ZIJ£ 13 
lEST ZOIE 0 2 3 4 5 6 7 8 9 
00 339 237 643 633 351 81 105 8 94 
10 m 296 1197 1284 230 104 406 1911 840 704 
20 60 486 184 411 389 763 588 703 361 39 
30 318 54 262 376 36 142 129 ISS 69 16 
40 21 
OOIGIN ZIJ£ 14 
lEST ZIJ£ 0 2 3 4 5 6 7 8 9 
00 60 sa 121 109 62 15 20 2 16 
10 45 44 165 218 sa 29 103 325 123 127 
20 10 76 30 73 71 127 104 115 04 9 
30 61 11 48 62 6 50 30 47 16 4 
40 5 
OOIGIN ZIJ£ 15 
~ ZIJ£ 0 2 3 4 5 6 7 8 9 
00 18 13 27 27 16 3 5 1 s 
10 12 11 42 ~ 1:1 II 35 84 37 35 
20 2 21 9 17 21 37 31 39 22 3 
30 23 4 18 18 2 12 8 14 4 1 
40 I 
OOIGIN ZIJ£ 16 
~ZM 0 2 3 4 5 6 7 8 9 
00 118 86 193 184 124 26 37 2 35 
10 91 87 328 383 102 65 268 739 288 274 
20 20 161 6S 133 1:16 290 239 313 207 2S 
30 104 30 126 1:17 14 72 53 70 29 II 
40 9 
OOIGIN ZIJ£ 17 
JEST ZIJ£ 0 2 3 4 :! 6 7 8 9 
00 237 173 432 410 272 59 83 !5 ~ 
10 217 218 769 1080 194 96 443 1608 810 842 
20 so 468 169 392 351 694 041 768 451 42 
30 337 53 260 317 30 119 103 130 5:1 13 
40 17 
184 
lll!G!N ZONE t8 
lEST Zllt£ 0 2 5 7 a 9 
00 39 33 84 68 49 t2 to t to 
tO 42 40 t~ 171 27 14 03 291 147 189 
20 11 97 ~ 81 73 I~ 134 I~ 82 7 
30 111 9 ~I 67 b 22 19 22 10 2 
40 3 
ll!IGIN ZIK 19 
lEST ZM 0 2 3 4 5 0 7 8 9 
00 138 103 239 209 1~1 ~ 53 4 54 
to 151 t58 488 458 80 43 174 892 ~ 578 
20 30 298 t21 28:5 239 544 504 489 218 21 
30 187 30 too 222 20 $1 ~ 05 31 7 
40 9 
!IUG!N ZIJE 20 
lEST ZIIE 0 2 3 4 5 0 7 a 9 
00 32 22 54 49 40 a 13 I t3 
10 37 34 119 98 17 8 ~ 14~ 84 100 
20 9 79 30 00 ~ 102 76 80 ~ 4 
30 l5 5 33 45 4 13 12 t4 6 2 
40 2 
ll!IGIN Zll£ 2l 
lEST ZOI£ 0 2 3 4 5 6 7 a 9 
00 91 73 1~ 150 109 ~ 38 3 42 
10 129 t~ 322 303 50 ~ 107 515 297 309 
20 30 243 92 188 173 300 269 282 126 t3 
30 t24 20 110 t40 t4 41 40 40 20 4 
40 7 
a!!GIN ZIJE 22 
lEST Zll£ 0 2 3 5 6 7 9 
00 92 65 t39 t33 toe 24 30 2 40 
tO 131 80 249 21~ 37 21 81 349 200 238 
20 21 173 81 too t52 277 207 191 90 9 
30 95 14 97 129 12 33 33 30 18 4 
40 6 
a!IGIN ZIIE 23 
lEST Z!»E 0 2 3 4 5 6 7 8 9 
00 184 147 318 278 200 47 77 b 84 
10 ~9 184 :568 ~ t01 44 184 906 521 621 
20 49 395 185 378 37t 828 542 495 224 22 
30 231 39 241 3t7 30 79 74 87 41 9 
40 12 
185 
OOIGIN ZOIE 24 
lEST Z!H: 0 2 3 4 5 6 9 
00 102 91 195 168 130 30 68 6 105 
10 139 93 260 244 47 26 103 389 223 250 
20 21 174 82 177 4M 457 238 261 124 16 
30 162 32 168 368 41 54 58 61 31 7 
40 10 
CI!IGIN Z!JE ~ 
lEST Z!JE 0 2 3 4 5 7 9 
00 196 137 311 ~ 198 42 76 6 90 
10 214 !51 492 487 86 48 196 784 488 579 
20 40 369 151 404 466 88:5 579 bOO 272 27 
30 289 49 i5l 420 40 85 78 90 42 9 
40 14 
CI!IGIN Z!JE 2b 
lEST Z!H: 0 2 3 4 5 6 7 8 9 
00 55 42 96 86 66 14 23 2 24 
10 66 53 188 177 33 19 76 343 197 ~ 
20 14 131 53 1~ 115 274 179 2b5 136 10 
30 102 ~~ 90 114 12 33 27 31 14 3 
40 4 
CI!IGIN ZtJE 27 
lEST Z!H: 0 2 3 4 5 6 8 9 
00 28 22 :52 44 31 7 11 0 12 
10 31 2b 90 96 17 10 46 186 108 111 
20 7 02 23 52 57 130 120 145 74 0 
30 63 7 44 49 5 16 13 18 7 2 
40 2 
CI!IGIN Z!H: 28 
lEST zaE 0 2 4 5 6 7 8 9 
00 79 54 121 117 78 17 2b 2 26 
10 72 64 225 242 45 29 148 535 2b9 245 
20 14 137 51 115 133 285 302 362 I :SO 16 
30 138 21 92 106 11 38 33 43 18 4 
40 6 
CI!IGIN Z!JE 29 
lEST ZCN: 0 2 3 4 5 0 8 9 
00 9 7 15 13 9 2 4 0 4 
10 9 7 28 29 7 6 20 55 ~ 27 
20 2 15 13 19 33 ~ 34 18 3 
30 21 4 14 16 2 7 5 7 3 0 
40 
186 
ORIGIN ZOt£ 30 
lEST Zef£ 0 2 3 ~ 7 8 9 
00 81 ~ 125 109 73 17 28 2 33 
10 83 59 200 221 46 31 122 415 209 218 
20 14 139 :56 122 181 315 234 321 144 19 
30 228 36 155 1:56 15 45 37 50 21 5 
40 0 
al!GIN l(J£ 31 
lEST Zef£ 0 2 3 4 5 0 7 8 9 
00 11 7 16 14 10 3 4 0 5 
10 12 7 25 30 6 s 17 53 25 27 
20 2 18 7 16 29 43 28 28 17 3 
30 29 7 22 25 2 7 6 7 2 1 
40 1 
aliGIN ZCfE 32 
lEST Zef£ 0 2 3 4 5 6 7 8 9 
00 113 69 159 139 107 21 42 3 ~ 
10 106 81 244 261 51 34 133 459 247 277 
20 20 176 83 184 267 402 299 315 138 18 
30 2ZZ 40 226 283 28 S2 47 60 26 5 
40 8 
aliGIN ZOt£ 33 
lEST Z!K 0 3 4 s 7 8 9 
00 1~ 84 199 161 140 31 59 5 82 
10 143 87 283 303 S3 30 134 4S2 268 298 
20 22 190 88 197 473 530 305 292 127 17 
30 181 35 229 376 42 S8 60 69 32 7 
40 10 
a!IGIN Z!K 34 
lEST ZIH 0 2 3 4 s 6 7 8 9 
00 13 7 17 12 11 2 5 I 7 
10 10 0 21 21 3 3 8 31 17 19 
20 1 13 6 13 38 36 22 20 9 1 
30 13 2 16 30 4 5 5 6 3 0 
40 1 
al!GIN ZCfE ~ 
lEST Z!K 0 2 3 5 6 7 8 9 
00 34 26 48 39 24 6 10 1 9 
10 22 17 60 68 25 12 36 101 51 46 
20 4 32 13 29 42 63 53 55 27 5 
30 30 6 26 34 4 1143 23 82 11 3 
40 3 
187 
Cl!IGIN ZOt£ 36 
!EST ZIJE 0 2 3 4 5 0 7 8 9 
00 60 35 59 40 30 7 12 I 11 
10 24 17 59 62 15 8 27 88 44 4:5 
20 4 31 13 28 44 59 42 47 23 3 
30 27 4 23 36 4 23 1190 28 58 9 
40 30 
Cl!IGIN ZCI'£ '!7 
lEST Z!J£ 0 2 3 4 :5 6 7 8 9 
00 40 30 58 44 30 7 11 I 10 
10 25 20 68 7:5 23 13 35 109 51 52 
20 4 34 15 32 44 67 50 61 30 5 
30 33 6 29 40 5 81 27 1528 15 3 
40 5 
~IGIN ZIJE 38 
lEST ZIJE 0 2 3 4 5 6 7 8 9 
00 35 19 33 22 16 4 7 I s 
10 14 9 32 34 9 4 15 48 2S 2S 
20 2 11> 7 16 2S 32 22 26 14 I 
30 II> 2 13 20 2 11 60 15 348 4 
40 10 
~IGIN ztiE 39 
lEST ZIJE 0 2 3 4 s 0 7 9 
·00 7 4 7 s 1 0 I 
10 3 2 8 7 2 I 4 II 5 6 
20 0 4 I 4 5 8 5 5 3 I 
30 3 2 5 0 3 9 4 4 18 
40 2 
~IGIN ZIJE 40 
lEST ZIJE 0 2 3 4 :5 6 7 8 9 
00 10 6 10 7 :5 I 2 I I 
10 4 3 10 11 3 I 4 IS 8 8 
20 0 6 2 :5 7 11 7 8 4 I 
30 4 I 4 6 I 3 31 :5 9 2 
40 34 
188 
Nil '!RIP DISTRI!lJT!(Ij Fa! Tl£ YEAR 2010 
lJIIGIN ZIJ£ 
!EST ZOIE 0 2 3 4 5 6 7 8 9 
00 103 56 141 102 70 24 31 2 24 
10 59 37 128 148 30 15 58 192 83 99 
20 9 140 3:5 71 125 138 78 88 51 6 
30 54 9 54 87 10 37 52 44 28 4 
40 8 
lJIIGIN ZIJ£ 2 
!EST ZIJ£ 0 2 3 4 5 6 7 8 9 
00 56 48 145 93 51 14 17 2 14 
10 39 30 104 110 25 12 43 146 69 76 
20 7 113 26 57 83 102 62 67 37 4 
30 38 7 37 56 6 29 3:5 3:5 18 3 
40 5 
(JIIGIN ZIJ£ 3 
lET ZIJ£ 0 2 3 4 5 6 9 
00 140 145 3!5 304 170 50 54 4 43 
10 124 9:! 336 371 n 31 125 439 212 219 
20 21 311 n 158 226 297 178 204 107 13 
30 114 19 107 163 18 76 86 90 43 9 
40 12 
lJIIGIN ZIJ£ 4 
!EST ZIJ£ 0 2 3 4 5 6 7 8 9 
00 102 93 305 281 134 34 39 3 32 
10 98 89 m 360 66 29 114 424 178 196 
20 19 300 70 141 196 242 156 167 97 11 
30 97 16 92 136 13 61 64 73 32 6 
40 9 
lJII GIN ZIJ£ 5 
!EST ZIJ£ 0 2 3 4 5 6 9 
00 70 50 170 134 110 33 31 2 22 
10 77 ~ 181 184 34 15 b8 246 111 123 
20 13 188 48 88 128 162 104 104 57 8 
30 57 II 59 96 10 3:5 40 43 21 3 
40 
189 
ORIGIN ZeN: 6 
[EST ZrJE 0 2 4 5 7 8 
00 23 1:5 50 34 33 9 12 0 8 
10 26 1:5 49 51 9 5 18 0:5 31 34 
20 3 52 13 25 30 44 27 29 1:5 2 
30 17 3 16 20 3 10 12 12 6 1 
40 2 
fliiGIN ZrJE 7 
[EST Zt»E 0 2 3 4 :5 6 7 8 9 
00 31 17 :55 38 31 11 1:5 2 11 
10 30 17 :54 :56 11 6 21 77 30 42 
20 4 62 15 31 57 59 35 37 19 3 
30 21 4 22 37 4 13 16 15 8 2 
40 2 
fliiGIN Zt»E 8 
lEST Zt»E 0 2 3 4 :5 0 7 8 9 
00 2 2 4 3 2 0 2 0 1 
10 2 2 4 5 1 0 2 6 3 3 
20 0 0 1 3 :5 0 3 3 1 1 
30 1 1 2 3 0 2 1 1 1 0 
40 0 
fliiGIN ZrJE 9 
lEST ZrJE 0 2 3 4 5 6 7 8 9 
00 23 14 42 32 22 8 11 1 12 
10 25 1:5 4:5 4:5 9 :5 18 1>9 33 38 
20 3 59 1:5 30 71 :58 32 34 18 2 
30 21 4 22 42 4 12 12 13 6 
40 2 
fliiGIN ZIJE 10 
liST ZIJE 0 2 3 4 5 6 7 8 
00 59 39 124 99 77 20 31 2 25 
10 94 46 1S3 147 28 13 :55 199 97 122 
20 12 211 59 107 130 171 102 103 52 7 
30 61 10 :58 94 9 31 35 37 18 3 
40 :5 
fliiGIN Zll£ 11 
lEST ZCI£ 0 2 3 :5 b 7 8 
00 38 30 94 88 :55 1:5 17 1 14 
10 47 ~ 188 1~ 24 11 46 190 98 124 
20 12 177 35 77 87 122 80 84 4:5 5 
30 44 7 43 60 6 25 25 28 13 2 
40 4 
190 
CfHGIN ZCM: 12 
lEST ZtlE 2 3 4 5 0 7 8 9 
00 120 103 33:5 324 181 50 54 4~ 
10 I~ 189 ~14 50S 82 38 103 024 319 3:!0 
20 37 496 103 224 25:5 370 203 275 150 18 
30 142 23 128 190 19 80 79 93 40 8 
40 11 
ll!IGIN ZCM: 13 
IESTZOIE 0 2 3 4 5 6 7 8 9 
00 147 110 369 ~ 183 51 55 5 45 
10 147 148 568 028 107 46 195 908 m 344 
20 31 487 17 227 260 385 266 304 166 19 
30 158 27 142 210 20 91 87 105 44 9 
40 12 
atiGIN ZDIE 14 
!lEST ZtlE 0 2 3 4 5 0 7 8 9 
00 31 25 72 66 33 10 11 I 9 
10 28 23 83 106 27 13 47 155 56 02 
20 ~ 82 18 42 ~ 72 48 54 31 4 
30 33 5 29 39 4 27 20 28 10 2 
40 3 
atlGIN ZrJE 15 
lEST ZrJE 0 2 3 4 5 8 9 
00 15 12 31 29 16 4 0 0 5 
10 13 l1 38 47 12 8 28 73 29 30 
20 2 41 9 19 27 37 25 31 18 3 
30 19 3 16 21 2 12 10 14 ~ I 
40 
atiGIN ZtlE 16 
JEST ZrJE 0 2 3 5 6 7 9 
00 57 43 125 114 67 18 21 2 19 
10 55 47 103 196 47 28 125 346 128 131 
20 l1 174 37 80 110 156 110 136 91 12 
30 n 14 67 90 8 44 37 47 19 4 
40 5 
ll!IGIN ZtlE 17 
JEST ZrJE 0 2 3 4 5 6 7 9 
00 191 146 436 422 245 64 n 6 69 
10 199 190 623 906 154 73 345 1309 595 653 
20 45 m 151 357 385 ~91 471 539 344 34 
30 267 42 222 303 29 131 122 149 61 12 
40 17 
191 
~!GIN ZOhE 18 
rEST ZOIE 2 6 7 8 9 
00 82 68 212 tn 112 31 36 3 32 
10 96 97 318 m 50 29 127 ~ 270 350 
20 23 420 7'S 183 191 31S ~ 287 !50 14 
30 121 19 107 149 14 60 ~ 64 2il s 
40 8 
CfiiGIN ZIJE 19 
lEST ZIJE 0 2 3 4 s 0 7 8 9 
00 98 7'S 217 19S 123 34 41 4 37 
10 121 12S 349 343 61 30 130 652 350 392 
20 29 401 93 234 220 389 331 314 147 IS 
30 133 21 120 174 IS ol S9 69 31 6 
40 8 
CJIIGIN ZIJE 20 
lEST Z!lt: 0 2 3 4 s 0 7 8 9 
00 9 7 21 19 13 3 4 I 3 
10 12 12 37 31 s 3 11 4S 23 29 
20 3 50 10 21 21 31 22 21 11 I 
30 11 2 10 1:5 2 s 0 0 3 0 
40 I 
CfiiGIN ZIJ£ 21 
lEST Z!lt: 0 2 3 4 5 6 7 8 9 
00 139 112 308 299 187 :51 ol 6 58 
10 211 tn 49S 487 82 40 174 791 421 462 
20 50 788 1~ 332 323 ~ 390 381 18:5 20 
30 189 30 178 248 23 90 89 102 43 8 
40 13 
CfiiGIN ZIJE 22 
lEST Z!lt: 0 2 3 4 s 0 7 8 9 
00 3S 27 n 70 48 13 IS 2 14 
10 58 36 103 97 18 9 37 152 7'S 92 
20 10 154 36 78 76 lib 78 73 37 4 
30 39 7 41 S9 s 20 19 23 10 2 
40 3 
CfiiGIN ZIJE 23 
~T Z!lt: 0 2 3 s 6 7 8 9 
00 71 56 !57 141 88 24 31 3 30 
10 107 76 224 227 41 19 ao 3S7 182 ZlS 
20 21 333 78 168 17'5 329 198 I7Z 86 9 
30 91 IS 97 134 12 44 43 ~ 22 
40 6 
192 
ilUGIN ZOI£ 24 
lEST ZM 0 2 3 4 5 0 8 
00 124 83 226 196 129 30 'S1 5 n 
!0 130 88 2:15 201 52 27 110 388 192 221 
20 20 m 76 176 421 391 193 214 Ill 15 
30 140 20 146 303 30 00 69 76 30 7 
40 10 
tl!IGIN ZOI£ 25 
lEST Z!JE 0 2 3 4 5 0 7 8 9 
00 137 102 295 242 162 43 ~ 0 'S1 
10 171 121 371 38:5 n 37 ISO 591 316 391 
20 31 554 115 329 391 640 380 3n 183 20 
30 202 34 189 307 27 86 82 95 42 8 
40 12 
a!IGIN Z!JE 20 
lEST Z!JE 0 2 3 4 5 6 7 8 9 
00 78 61 178 15S 103 27 3:5 3 32 
10 102 80 262 265 49 Zl 110 470 251 330 
20 21 390 78 198 192 38S 232 319 174 14 
30 132 21 124 169 16 59 53 63 20 5 
40 7 
Ill I GIN Z!JE 27 
lEST Z!JE 0 2 3 5 6 7 8 9 
00 87 67 203 160 104 29 37 3 34 
10 103 83 m 304 54 31 13:5 539 287 315 
20 21 381 73 tn 213 376 320 365 200 17 
30 170 21 131 ISS 15 63 'S1 73 29 6 
40 8 
ll!IGIN ZOI£ 28 
lEST ZM 0 2 3 4 5 6 7 8 9 
00 50 37 lOS 97 'S1 15 20 1 17 
10 53 45 150 166 31 17 91 344 156 147 
20 11 185 37 86 110 183 174 199 91 9 
30 83 13 62 79 8 34 31 39 16 3 
40 5 
tl!IGIN ZM 29 
lEST Z!JE 0 2 3 5 6 7 8 9 
00 6 4 14 10 2 3 0 2 
10 7 5 17 19 5 3 II 34 14 15 
20 21 4 10 15 20 14 18 10 I 
30 12 2 8 12 1 5 4 2 0 
40 l 
193 
ORIGIN Z(J.E 30 
!:EST ZOI£ 0 2 3 4 5 6 9 
00 54 38 113 97 :sa 17 21 2 21 
10 1>1 43 143 I:SS 32 19 78 207 122 133 
20 II 189 39 91 139 202 132 171 83 II 
30 131 20 94 104 10 39 34 44 19 3 
40 s 
CRIGIN ZIJIE 31 
!:EST ZlliE 0 2 3 4 5 6 7 a 9 
00 9 7 19 111 10 3 4 1 4 
10 10 7 23 Tl 0 3 14 43 19 21 
20 2 30 7 IS 20 34 20 21 12 3 
30 20 17 20 2 7 7 7 4 0 
40 1 
CRIGIN ZlliE 32 
lEST ZlliE 0 2 3 4 5 0 7 8 9 
00 S4 ~ 107 92 59 111 22 1 23 
10 57 43 128 142 29 to 07 222 108 120 
20 11 178 42 98 14S 190 125 131 03 9 
30 93 17 100 130 12 35 32 40 111 3 
40 5 
CRIGIN ZllE 33 
!:EST ZlliE 0 2 3 4 5 0 7 9' 
00 87 so 103 130 9S 26 ~ 4 42 
10 93 61 191 210 40 20 91 304 I :SO 175 
20 IS 249 58 134 303 307 170 158 90 12 
30 104 20 131 217 22 49 :so sa 20 5 
40 7 
ll!IGIN ZlliE 34 
lEST ZlliE 0 2 3 4 5 6 8 9 
00 9 0 18 14 9 3 4 5 
10 9 5 19 20 4 2 8 29 14 IS 
20 2 23 s 12 30 28 IS 15 a I 
30 10 2 12 22 2 s 6 6 3 0 
40 I 
CIUGIN ZlliE 35 
!:EST ZlliE 0 2 3 4 s 6 9 
00 38 30 78 64 30 II 14 I 11 
10 33 20 82 9S 28 12 40 130 62 03 
20 5 94 20 40 68 89 03 bS 36 5 
30 40 8 36 50 5 699 30 ~ IS 3 
40 
194 
lll!GIN lOt€ 36 
!EST ZC»£ 0 2 3 ~ 0 7 8 9 
00 ~ 36 89 00 42 12 16 2 12 
10 36 20 83 91 21 9 39 127 ~ 02 
20 0 93 21 44 72 80 ~ ~ 32 4 
30 37 34 ~ ~ 31 736 38 48 7 
40 21 
CIUG!N ZC»£ !1 
!EST ZC»£ I) 2 3 ~ 0 7 8 9 
00 4' 36 94 7/, ~ 12 111 2 13 
10 39 30 97 109 29 
" 
48 1~ o7 73 
20 0 100 23 ~ 79 99 00 76 40 0 
30 40 8 42 00 6 7o 37 903 19 4 
40 5 
CIUGIN ZC»£ 38 
!EST ZC»£ 0 2 3 4 :5 0 7 8 9 
00 28 18 44 33 21 0 8 I 0 
10 18 13 41 4:5 11 :5 19 03 29 31 
20 3 44 II 23 36 42 27 30 17 2 
30 19 3 17 20 3 14 48 19 184 3 
40 7 
CIIIGIN ZC»£ 39 
!EST ZIIE I) 2 3 4 :5 0 7 8 9 
00 
' 
3 9 0 4 I 2 0 I 
10 3 3 8 9 2 I 3 13 s 0 
20 1 8 2 4 7 8 6 5 3 I 
30 3 1 3 s I 3 0 3 7 
40 
CIIIGIN Zor.E 40 
!EST ZC»£ 0 2 3 4 :5 6 7 8 9 
00 8 s 12 9 0 2 2 0 2 
10 5 4 II 13 3 1 6 17 8 9 
20 1 13 3 0 10 13 7 9 4 I 
30 5 I 4 8 I 4 20 s 7 I 
40 1:5 
APPENDIX E 
CAPACITY ANALYSIS USING THE NCHRP 




DETERMINATION OF LOS USING QRS 
ASSIGNMENT OUTPUT 
:========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY VIC LOS 
WIDTH,FT VPH VPH 
-----------------------------------------------------------
1 Country Club 11 2013 1032 1.90 F 
2 Country Club 11 146 1032 .14 A 
3 Sangre 9 276 845 .33 A 
4 Sangre 12 389 1126 .33 A 
5 Sangre 12 578 1126 .51 A 
6 Sangre 10.5 1024 985 1. 04 E 
7 Sangre 10.5 1582 985 1.61 F 
8 Western 11.5 1776 1080 1. 64 F 
9 Western 12 1414 1126 1. 26 F 
10 Western 26 1655 2585 .64 B 
11 Western 26 1508 2585 .58 A 
12 Western 15 1164 1408 .83 D 
13 Western 15 1322 1408 .94 E 
14 Western 12 1283 1126 1.14 F 
15 Western 11.5 1172 1080 1. 09 F 
16 Western 11.5 831 1080 .77 c 
17 Western 11.5 776 1080 .72 c 
18 Monroe 13 466 1220 .38 A 
19 Monroe 15 1472 1455 1. 01 E 
20 Monroe 18 1809 1690 1. 07 E 
21 Monroe 18 1604 1690 .95 E 
22 Monroe 11 1379 1032 1. 33 F 
23 HWY 177 26 995 2585 .28 A 
24 HWY 177 26 1791 2585 .50 A 
25 Washington 26 2410 2585 .93 E 
26 washington 26 1193 2585 .46 A 
27 Washington 26 1867 2585 .72 c 
29 Duck 20 411 1875 .22 A 
30 Duck 20 652 1875 .35 A 
31 Duck 24 1519 2330 .65 B 
32 Duck 24 1113 2330 .48 A 
33 Duck 24 1430 2330 .61 B 
34 Duck 24 177 2330 .08 A 
35 Boomer 32 2520 3230 .78 c 
36 Main 32 2020 3230 .63 B 
37 Main 32 2336 3230 .72 c 
38 Main 25 2408 2430 .99 E 
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TABLE 44 (Continued) 
-----------------------------------------------------------
LINK DESCRIPTION APPROACH VOLUME CAPACITY V/C LOS 
WIDTH,FT VPH VPH 
-----------------------------------------------------------
39 Main 25 2078 2430 .86 D 
40 Main 18 1858 1690 1.10 F 
41 Main 18 1373 1690 .80 c 
42 Main 12 1000 1126 .89 D 
43 Main 12 1062 1126 .94 E 
44 Perkins 12 720 1126 .64 B 
45 Perkins 12 2060 1126 1. 80 F 
46 Perkins 22 3608 2135 1. 69 F 
47 Perkins 26 5986 2585 2.31 F 
48 Perkins 26 4724 2585 1. 83 F 
49 Perkins 26 4881 2585 1. 89 F 
50 Perkins 26 4093 2585 1. 58 F 
51 Perkins 26 3503 2585 1. 35 F 
52 Perkins 26 2424 2585 .94 E 
53 Perkins 26 1554 2585 .60 A 
54 Perkins 26 1315 2585 .51 A 
55 Perkins 24 1364 2330 .53 A 
56 HWY 177 12 1092 1800 .61 B 
57 Hwy 177 12 1092 1800 .61 B 
58 Burdick 11 676 1032 .66 B 
59 Burdick 11 391 1032 .38 A 
60 Burdick 11 391 1032 .38 A 
61 Stallard· 13 82 1220 .07 A 
62 Stallard 13 432 1220 .35 A 
63 Stallard 13 246 1220 .20 A 
64 Jardot 10 164 938 .17 A 
65 Jardot 10 102 938 .11 A 
66 Jardot 10 105 938 .11 A 
67 Jardot 10 439 938 .47 A 
68 Jardot 10 506 938 .54 A 
69 Jar dot 10 457 938 .49 A 
70 Jardot 10 450 938 .48 A 
71 Jardot 11 112 1032 .11 A 
72 Jardot 11 16 1032 .01 A 
73 Jardot 10 938 A 
74 Brush creek 10 92 938 .10 A 
75 Brush Creek 10 938 A 
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TABLE 44 (Continued) 
=========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY V/C LOS 
WIDTH,FT VPH VPH 
-----------------------------------------------------------
76 Richmond 12 1126 
77 Richmond 12 23 1126 .02 A 
78 Richmond 12 85 1126 .08 A 
79 Richmond 10 71 938 .08 A 
80 Airport 11 145 1032 .14 A 
81 Airport 18 141 1690 .18 A 
82 Airport 12 48 1126 .04 A 
83 Airport 10 938 
84 Lakeview 10 314 938 .33 A 
85 Lakeview 10 763 938 .81 c 
86 Lakeview 11.5 841 1080 .78 c 
87 Lakeview 11 927 1032 . 9 0 D 
88 Lakeview 9 566 845 .67 B 
89 McElroy 12 80 1126 .07 A 
90 McElroy 12 999 1126 .89 D 
91 McElroy 12 1578 1126 1. 40 F 
92 McElroy 12 1955 1126 1. 74 F 
93 McElroy 12 2849 1126 2.53 F 
94 McElroy 12 2596 1126 2.31 F 
95 McElroy 26 2470 2585 .96 E 
96 McElroy 26 1619 2585 .63 B 
97 McElroy 26 863 2585 .33 A 
98 McElroy 26 419 2585 .16 A 
99 McElroy 10 318 938 .34 A 
100 McElroy 10 938 
101 Hall of Fame 26 325 2585 .13 A 
102 Hall of Fame 26 485 2585 .19 A 
103 Hall of Fame 26 504 2585 .20 A 
104 Hall of Fame 26 694 2585 .27 A 
105 Hall of Fame 26 535 2585 .21 A 
106 Hall of Fame 26 121 2585 .05 A 
107 Farm 12 250 1126 .22 A 
108 Miller 12 791 1126 .70 B 
109 Miller 12 1340 1126 1.19 F 
110 Virginia 16 2741 1500 1.83 F 
111 Virginia 16 3944 1500 2.62 F 
ii2 Virginia 16 150 1500 .10 A 
ii:3 unive:r:oity H~ 1=360 i4i0 i ~~ fi m 
114 University 18 762 1690 .45 A 
115 3 rd 18 724 1690 .43 A 
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TABLE 44 (Continued) 
-----------------------------------------------------------
LINK DESCRIPTION APPROACH VOLUME CAPACITY VIC LOS 
WIDTH,FT VPH VPH 
-----------------------------------------------------------
116 3 rd 12.5 1178 1175 1. 00 E 
117 3 rd 12.5 426 1175 .36 A 
118 3 rd 12.5 447 1175 .38 A 
119 3 rd 12.5 1175 
120 HWY 51 26 835 2585 .23 A 
121 HWY 51 26 2990 2585 .83 D 
122 6 th 26 3008 2585 1.16 F 
123 6 th 26 2623 2585 1.01 E 
124 6 th 30 3073 2980 1.03 E 
125 6 th 26 2957 2585 1.14 F 
126 6 th 26 2537 2585 .98 E 
127 6 th 26 2038 2585 .79 c 
128 6 th 26 1708 2585 .66 B 
129 6 th 26 1770 2585 .69 8 
130 6 th 26 2360 2585 .91 E 
131 HWY 51 12 1050 1800 .58 A 
132 9 th 15 2295 1408 1.63 F 
133 9 th 15 1540 1408 1.09 F 
134 9 th 34 1065 3430 .31 A 
135 9 th 16 1658 1500 1.10 F 
136 12 th 13 644 1220 .53 A 
137 12 th 22 424 2135 .20 A 
138 12 th 15 392 1408 .28 A 
139 12 th 10 276 938 .29 A 
140 19 th 10 
141 19 th 10 381 9 38 .41 A 
142 19 th 11 294 1032 .28 A 
143 19 th 11 
144 19 th 8.5 16 798 .02 A 
145 19 th 8.5 798 
146 26 th 9 451 845 .53 A 
147 26 th 9 28 845 .03 A 
148 32 nd 9 130 845 .15 A 
149 32 nd 8 287 750 .38 A 
150 32 nd 10 874 938 .93 E 
151 32 nd 9. 5 756 890 .85 D 
152 32 nd 9.5 209 890 .23 A 




REQUIRED APPROACH WIDTH BASED ON 
QRS ASSIGNED VOLUMES 
----------------------------------------------------------
LINK DESCRIPTION V/C EXISTING REQUIRED 
RATIO WIDTH, FT WIDTH, FT 
----------------------------------------------------------
1 Country Club 1.95 11 25 
6 Sangre 1. 04 9 13 
7 Sangre 1.61 9 20 
8 Western 1. 64 11.5 23 
9 Western 1.26 12 19 
12 Western 0.83 15 15 
13 Western 0.94 15 18 
14 Western 1.14 12 17 
15 Western 1.09 11.5 16 
19 Monroe 1.01 15 19 
20 Monroe 1.07 18 23 
21 Monroe 0.95 18 21 
22 Monroe 1.33 11 18 
25 Washington 0.93 26 30 
38 Main 0.99 25 30 
39 Main 0.86 25 26 
40 Main 1.10 18 24 
42 Main 0.89 12 13 
43 Main 0.94 12 14 
45 Perkins 1. 80 12 25 
46 Perkins 1.69 22 44 
47 Perkins 2.31 26 60 
48 Perkins 1.83 26 56 
49 Perkins 1. 89 26 58 
50 Perkins 1.58 26 49 
51 Perkins 1. 35 26 42 
52 Perkins 0.94 26 30 
87 Lakeview 0.90 11 12 
90 McElroy 0.89 12 13 
91 McElroy 1. 40 12 20 
92 McElroy 1.74 12 25 
93 McElroy 2.53 12 35 
94 McElroy 2.31 12 32 
95 McElroy 0.96 26 30 
109 Miller 1.19 12 18 
110 Virginia 1. 83 16 34 
111 Virginia 2.62 16 47 
113 University 0.98 15 18 
































































DETERMINATION OF LOS USING QRS II 
ASSIGNMENT OUTPUT 
========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY V/C LOS 
WIDTH,FT VPH VPH 
----------------------------------------------------------
Country Club 1 11 205 1032 .20 A 
Country Club 2 11 0 1032 
Sangre 1 9 0 845 
Sangre 2 12 234 1126 .21 A 
Sangre 3 12 19 1126 .02 A 
Sangre 4 10.5 1172 985 1.19 F 
Sangre 5 10.5 1332 985 1. 35 F 
Sangre 6 10.5 33 985 .03 A 
Western 1 11 780 1032 .76 c 
Western 2 12 913 1126 .81 c 
Western 3 26 3151 2585 1. 22 F 
Western 4 26 3626 2585 1. 40 F 
Western 5 15 1161 1408 .82 c 
Western 6 15 816 1408 .58 A 
Western 7 12 885 1126 .79 c 
Western 8 11.5 1029 1080 .95 E 
Western 9 11.5 905 1080 .84 D 
Monroe 1 13 0 1220 
Monroe 2 15.5 242 1455 .17 A 
Monroe 3 18 736 1690 .44 A 
Monroe 4 18 1332 1690 .79 c 
Monroe 5 11 1031 1032 1. 00 E 
HWY 177 1 26 364 3600 .10 A 
HWY 177 2 26 897 3600 .25 A 
Washington 3 26 1752 2585 .68 B 
Washington 4 26 1705 2585 .66 B 
Washington 5 26 2207 2585 .85 D 
Duck 1 20 1320 1875 .70 c 
Duck 2 20 472 1875 .25 A 
Duck 3 24 995 2332 .43 A 
Duck 4 24 1154 2332 .49 A 
Duck 5 24 283 2332 .12 A 
Duck 6 24 798 2332 .34 A 
Boomer 1 32 714 3230 .22 A 
Main 2 32 (I :3230 
Main 3 32 649 3230 .20 A 
Main 4 25 667 2430 .27 A 
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TABLE 46 (Continued) 
========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY VIC LOS 
WIDTH,FT VPH VPH 
----------------------------------------------------------
Main 5 25 508 2430 .21 A 
Main 6 18 482 1690 .29 A 
Main 7 18 569 1690 .34 A 
Main 8 12 707 1126 .63 B 
Main 9 12 51 1126 .05 A 
Perkins 1 12 168 1126 .15 A 
Perkins 2 12 772 1126 .69 B 
Perkins 3 22 1352 2135 .63 B 
Perkins 4 26 2199 2585 .85 D 
Perkins 5 26 4522 2585 1. 75 F 
Perkins 6 26 3763 2585 1.14 F 
Perkins 7 26 3763 2585 1. 46 F 
Perkins 8 26 3763 2585 1.46 F 
Perkins 9 26 2857 2585 1.10 F 
Perkins 10 26 2406 2585 .93 E 
Perkins 11 26 1904 2585 .74 c 
Perkins 12 24 1806 2332 .78 c 
HWY 177 13 12 884 1800 .49 A 
HWY 177 14 12 869 1800 .48 A 
Burdick 1 11 0 1032 
Burdick 2 11 1198 1032 1.16 F 
Burdick 3 11 1198 1032 1.16 F 
Stallard 1 13 0 1220 
Stallard 2 13 0 1220 
Stallard 3 13 0 1220 
Jardot 1 10 0 938 
Jardot 2 10 68 938 .07 A 
Jardot 3 10 51 938 .05 A 
Jardot 4 10 534 938 .57 A 
Jardot 5 10 244 938 .26 A 
Jardot 6 10 244 938 .26 A 
Jardot 7 10 244 938 .26 A 
Jardot 8 11 31 1032 .03 A 
Jardot 9 11 31 1032 .03 A 
Jardot 10 10 0 938 
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TABLE 46 (Continued) 
========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY V/C LOS 
WIDTH,FT VPH VPH 
----------------------------------------------------------
Richmond 1 12 0 1126 
Richmond 2 12 610 1126 .61 B 
Richmond 3 12 138 1126 .12 A 
Richmond 4 10 0 938 
Airport 1 11 211 1032 .20 A 
Airport 2 18 144 1690 .09 A 
Airport 3 12 63 1126 .06 A 
Airport 4 10 0 938 
Lakeview 1 10 9 938 
Lakeview 2 10 692 938 .74 c 
Lakeview 3 11.5 602 1080 .56 A 
Lakeview 4 11 350 1032 .34 A 
Lakeview 5 9 146 845 .17 A 
McElroy 1 12 0 1126 
McElroy 2 12 37 1126 .03 A 
McElroy 3 12 18 1126 .02 A 
McElroy 4 12 693 1126 .62 B 
McElroy 5 12 693 1126 . 6 2 B 
McElroy 6 12 326 1126 .29 A 
McElroy 7 26 1656 2585 .64 B 
McElroy 8 26 2152 2585 .83 D 
McElroy 9 26 1683 2585 .65 B 
McElroy 10 26 289 2585 .11 A 
McElroy 11 10 289 938 .31 A 
Hall of Fame 26 1918 2585 .74 c 
Hall of Fame 26 2160 2585 .83 D 
Hall of Fame 26 2554 2585 .99 E 
Hall of Fame 26 1931 2585 .75 c 
Hall of Fame 26 1895 2585 .73 D 
Farm 1 12 510 1126 .45 A 
University 1 15 0 1408 
University 2 18 894 1690 .53 A 
Knoblock 1 10 894 938 .95 E 
Miller 1 12 2594 1126 2.30 F 
Miller 2 12 2261 1126 2.00 F 
Miller 3 12 1225 1126 1. 09 F 
Virginia 1 16 1347 1500 .90 E 
Virginia 2 16 0 1500 
Virginia 3 16 0 1500 
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TABLE 46 (Continued) 
========================================================== 
LINK DESCRIPTION APPROACH VOLUME CAPACITY V/C LOS 
WIDTH,FT VPH VPH 
----------------------------------------------------------
3rd 1 12.5 159 1175 .14 A 
3rd 2 12.5 0 1175 
3rd 3 12.5 0 1175 
3rd 4 12.5 0 1175 
3rd 5 12.5 0 1175 
HWY 51 1 26 1035 3600 .29 A 
HWY 51 2 26 1337 3600 .37 A 
6th 3 26 3868 2585 1. 50 F 
6th 4 26 1349 2585 .52 A 
6th 5 26 1580 2585 .61 B 
6th 6 30 1350 2980 .45 A 
6th 7 26 1324 2585 .51 A 
6th 8 26 3456 2585 1.34 F 
6th 9 26 2537 2585 .98 E 
6th 10 26 2537 2585 .98 E 
6th 11 26 1140 2585 . 4 4 A· 
HWY 51 12 12 852 1800 .47 A 
9th 1 15 99 1408 .07 A 
9th 2 15 1549 1408 1.10 F 
9th 3 26 1044 2585 .40 A 
9th 4 16 957 1500 .64 B 
12th 1 13 72 1220 .06 A 
12th 2 22 870 2140 .41 A 
12th 3 15 711 1408 .51 A 
12th 4 10 0 938 
19th 1 10 0 938 
19th 2 10 45 938 .05 A 
19th 3 11 311 1032 .30 A 
19th 4 11 0 1032 
19th 5 8.5 98 798 .12 A 
19th 6 8.5 0 798 
26th 1 9 0 845 
26th 2 9 227 845 .27 A 
32nd 1 9 0 845 
32nd 2 8 34 750 .05 A 
32nd 3 10 651 9 3'8 .69 B 
32nd 4 9.5 953 890 1.10 F 
32nd 5 9.5 31 890 .03 A 
32nd 6 7 0 650 
========================================================= 
TABLE 47 
REQUIRED APPROACH WIDTH BASED ON 
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CAPACITY ANALYSIS USING THE HCM APPROACH 
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Figure 24. Intersection Capacity Analysis Using QRS Assigned 
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Figure 26. Intersection Capacity Analysis Using QRS Assigned 
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Figure 30 . Intersection Capacity Analysis Using QRS II 
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Figure 32. Intersection Capacity Analysis Using QRS II 
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